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A proving ground 
for computers. 



Nobody makes more automotive computers 
than General Motors. 

No other automotive company subjects their 
computers to more torture tests. 40 degrees below 
zero to 185 above. Electron microscope scanning. 
Moisture. Vibration. Testing that equals 10 years 
of typical driving. 

Our computerization gives you improved 
driveability. Smooth performance regardless of 
speed. An indoor climate control system. And 
greater fuel economy. 


And the reliability of our computers makes 
the operation of your new GM car or truck safer and 
more efficient. 

We believe in taking the extra time, giving the 
extra effort and paying attention to every detail. 
That’s what it takes to provide the 
quality that leads more people to 
buy GM cars and trucks than any 
other kind. 

That’s the GM commitment 


to excellence. 



Nobody sweats the details like GM. 

Chevrolet • Pontiac • Oldsmobile • Buick • Cadillac • GMC Truck 
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QQ U.S. GEOLOGY: COURTING A CRISIS? 

BY CHARLES PETIT 

The U.S. has lost its lead in exploring overseas resources. This isolationism 
threatens U.S. foreign-policy and commercial interests. 


QQ CLEARING THE LEGAL PATH TO COOPERATIVE 
RESEARCH 

BY LAWRENCE J. WHITE 

The antitrust barriers to joint research in high technology are falling. But the 
advantages of such projects remain questionable. 


4g USED OIL: RESOURCE OR POLLUTANT? 

BY DENNIS W. BRINKMAN 

The U.S. generates over 1 billion gallons of used lubricants each year. More 
than 75 percent become potential pollutants rather than valuable assets. 
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Electronic devices have enabled a few paralyzed people to walk and use their 
hands. But these devices are years away from commercial use. 


04 SPECIAL REPORT: SPACE INVADERS 

BY EUGENE F. MALLOVE 

The human race may be at risk from asteroids and comets aimed at the 
Earth—unless we can find ways to detect and foil them. 
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This fall, discover a new formula for 
traveling in comfort and style, when 
Boston’s first—and only'—all-suites hotel 
opens on the picturesque Charles Riv er. 
Everyone gets a deluxe 2-room suite 
overlooking our sweeping 15-story atrium. 
VHth separate living room, refrigerator, wet 
har, sofa bed, 2 color TVs and cozy’ dining 
area. .All for the price of a single room in 
any other first-class hotel. 

What’s more, every guest gets a free 
full breakfast, 2-hr. private Manager's 



EMBASSY 


Cocktail Reception and ample free 
parking, with courtesy transportation. 

The hotel has a bright, comfortable 
lounge with piano bar. A splendid 
restaurant serving the finest in regional 
.American cuisine. Plus an indoor 
swimming pool, whirlpool and sauna. 
Increase your travel pleasure, 
geometrically’. Try the new Embassy' Suites 
Hotel. Call now for reservations: 

1-800-EMBASSY, or 
(617) 783-0090. 



-»00 Soldiers Field Road. Boston, MA 02134* (617) 783-0090 
Operated by Beacon Hospitality Group under license by Embassy Suites. Inc. 

.Also open in V aliev Forge, PA and at Philadelphia International Airport. 
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M agazines come in every size and style 
and for every purpose, unified only 
by their physical dimensions and in their 
determination to serve their readers’ needs 
and the public interest. Hence the dilem¬ 
mas that must confront those who set out, 
each year, to judge this nation’s thousands 
of magazines: they must determine which 
in fact is the “best” in a genre that includes 
Foreign Affairs and The Georgia Review, 
American Heritage and The New Yorker. 

We’re gratified to report that Technol¬ 
ogy Review emerged from such a complex 
and almost imponderable judging process 
among the six nominated in the “public 
service” category for a 1985 National 
Magazine Award. These awards are the 
“Oscars” of the magazine business, ad¬ 
ministered by the Columbia School of 
Journalism for the American Society of 
Magazine Editors. The nomination was 
for “The Not-So-Clean Business of Mak¬ 
ing Chips” (May/June 1984, page 22) by 
Professor Joseph LaDou of the University 
of California at San Francisco, with ad¬ 
ditional reporting by Alison Bass, senior 
editor... coverage that the judges deemed 
to have "a demonstrable impact on an 
area involving the public interest.” The 
nomination is the first for Technology Re¬ 
view, we share our pride with readers and 
send our thanks to Dr. LaDou; and we 
send our congratulations to The Wash¬ 
ingtonian as the final winner. 

Another major award also came to us 
this spring: the frontispiece illustration for 


Nomination for a National Magazine 
Award, administered by the Columbia 
Journalism School, brought high ela¬ 
tion and a photographer to record the 
faces that go with our masthead. 
Counterclockwise from the fore¬ 
ground: Fullon, Lewis, Gallagher, 
Bass, Finnerty, Kiviat, Cahners, 
Gwynne, Knight, Zuckman, Mattill, 
Schlefer, Hackman, Sayre, and Bur¬ 
roughs. 


“Antisatellite Weapons: The Present Dan¬ 
ger” (August/September 1984, page 54) by 
Kosta Tsipis and Eric Raiten received a 
silver medal in the 1985 exhibition of rhe 
Art Directors Club of New York, the 
country’s largest (17,000 entries) and 
most prestigious juried graphics exhibi¬ 
tion. It was artist Rob Colvin’s first pub¬ 
lished illustration, and thus the award 
speaks not only to the artist’s success but 
also to our designers’ ability to pick up- 
and-coming newcomers. More kudos for 
our designers and illustrators, too: ten de¬ 
sign/illustration entries from Technology 
Review were accepted for the annual jur¬ 
ied show of the Boston Art Directors Club. 

Magazines are by definition perishable, 
and these awards are for issues of the Re¬ 
view that have lost the cutting edge of 
newness. While they nurture our egos, we 
know that they also make last year’s issues 
a hard act to follow—a challenge that we 
accept with pleasure and confidence.— 
John Mattill 
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Exceptional Experiences for 
Selective Travelers. 


Egypt 
Greece 
Asia Minor 
the Aegean 
Carthage 
Central Asia 
the Kyber Rass 
India 
Nepal 
the Himalayas 
Japan 
Southeast Asia 
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Borneo 
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Sumatra 
South America 
the Galapagos 
the Amazon 
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the Andes 
Australia 
New Zealand 
New Guinea 
Kenya 
Tanzania 
the Seychelles 
Northern Italy 
Burgundy 
Southwest France 
Alsace-Lorraine 
the Rhine 
the Moselle 
Flanders 
Scotland 
Wales 


Ancient. 

Classical. 

Mysterious. 

Oriental. 

Enigmatic. 

Primitive. 

Vibrant. 

Compelling. 

Exciting. 

Artistic. 

Cultural. 

Historic. 


Highly acclaimed itineraries, 
especially designed for alumni 
of Harvard, Yale and 

other distinguished univer¬ 
sities. For further information, 
please contact: 


, Alumni Flights Abroad 

Department TR-34 
A.F.A. Plaza 
425 Cherry Street 
Bedford Hills, New York 10507 
TOLL FREE 1-800-AFA-8700 
N.Y. State 1-(914) 241-0111 


LETTERS 


Women in Technology 


A s a woman, 1 found your articles on 
women’s gains (and the lack thereof) 
in upper levels of science and technology 
interesting reading (November/Decem¬ 
ber). 1 have found that similar roadblocks 
exist for women in industry. The barriers 
are subtle, but nevertheless they interfere 
with women’s ability to advance in their 
chosen careers. The law may have forced 
companies to allow women through the 
plant gates, but it has not brought them 
equal opportunity once inside. 

My first job was with a Fortune 500 firm 
with an excellent reputation for fairness 
and good employee relations. My super¬ 
visors seemed pleased to have recruited a 
bright, young, aggressive women. But I 
soon found out how young, aggressive 
women were treated in my department: 
my ideas were made to appear so bad that 
my supervisor and male coworkers didn’t 
even have to listen to them. However, if 
these same coworkers made a suggestion 
similar to mine, it was often lauded. I 
quickly learned to avoid offering sugges¬ 
tions, or to make them through a cowork¬ 
er. Thus, my efforts were hidden from my 
supervisor and my career was stifled. 

I strongly believe that universities such 
as M.I.T., which spend a lot of time, effort, 
and money on educating women, should 
help their alumni deal with these inequi¬ 
ties. Making it easier for women to reach 
their full potential is in the universities’ 
best interests. And as each male science 
and engineering student will one day be¬ 
come some woman’s coworker, supervi¬ 
sor, professor, husband, or father, 
programs that help break down stereo¬ 
types are helpful to everyone. 

Janet Metsa 
Durham, N.C. 

Having been a faculty member in the De¬ 
partment of Geology at Carleton College 
throughout the 1970s, I consider Lilli 
Hornig’s statment about the college’s ge¬ 
ology program during that period outra¬ 
geous at worst, and untrue at least. (See 
“Women in Science and Engineering: Why 
so Fewf” in November!December, page 
35.) The fact is that during that decade, 
we graduated 64 women in a total of 149 
geology majors—an average of 42.2 per¬ 
cent. Since 1980, the percentage of female 
geology majors here has averaged 44 per¬ 
cent. There are twice-a-year week-long 
field trips open to all geology students; 
there never has been a senior field trip such 
as Ms. Hornig suggests. 


A study of the statistics on geology en¬ 
rollments compiled by the American Geo¬ 
logical Institute (AGI) indicates that few 
other schools of comparable size and cur¬ 
riculum have graduated as many women 
geologists as Carleton. Indeed, we are one 
of the most important sources of women 
geoscientists in the country, regardless of 
school size. 

The pertinent question is whether 
women perceived geology to be a career 
option, and whether we discriminated 
against women “subtly.” Between 1974 
and 1979, we educated 1.18 percent of the 
nation’s female geologists. Approximately 
4 percent of all women who graduated 
from Carleton during the 1970s were ge¬ 
ology majors. During the same period, the 
geology faculty was about 2 percent of th'* 
total college faculty. If Ms. Hornig had 
truly been perceptive about these issues, 
she would have cited Carleton as a leader 
in overcoming the subtle forms of sex dis¬ 
crimination she wished to illustrate. 

Edward Buchwald 
Northfield, Minn. 

Edward Buchwald is chairman of the De¬ 
partment of Geology and Lloyd McBride 
Professor of Environmental Studies at 
Carleton College. 

There is something deeply disturbing 
about seeing the G.l. Bill described as “a 
blow for women” and “a palliative to al¬ 
most certain unemployment and social un¬ 
rest after World War II.” No doubt there 
is truth in the various figures cited to sup¬ 
port the view that women have suffered 
certain handicaps in obtaining desirable 
positions in science and engineering as a 
result of the G.l. Bill. But there is no sense 
of balance in the argument. Those who 
fought in the war lost years in career de¬ 
velopment and reduced earning potential. 
Some suffered permanent physical or men¬ 
tal disability from the horrors of war. 
Some gave their lives. Those who served 
participated in a grim lottery, often with¬ 
out any real choice. 

If a war has to be fought and social 
justice must be maintained, there are only 
two options: to draft everyone into service 
and subject them all to the same risks, or 
to draft no one but offer high rewards to 
attract enough volunteer personnel. The 
second option would not have worked 
during World War II. Conscription was 
deemed the necessary solution, but it was 
Continued on page 18 
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THE PFIZER HEALTHCARE SERIES 


5,000,000 

have diabetes and 
don’t know it... 

lou could be one 


It’s estimated that 5 million Americans have diabetes 
and don’t know it. The early symptoms are vague and 
may seem minor. As a result, they are often ignored or 
not taken seriously enough. Yet, if undiagnosed, dia¬ 
betes can lead to serious complications affecting var¬ 
ious parts of the body, including eyes, heart, kidneys, 
brain or even life itself. 

What are the symptoms of diabetes? 

There may be none. Or there may be such simple 
things as an increase in skin infections or a slower 
healing of bruises and cuts. Also, be aware of excessive 
thirst or hunger, frequent need to urinate and extreme 
fatigue. 

These symptoms do not necessarily occur all at once 
and they usually develop gradually. So it’s easy to 
understand how they can be overlooked or considered 
part of the normal aging process. 

It is important, therefore, to be alert to changes in 
your body and report them directly to your doctor. You 
have a greater chance of being diabetic if you are over 
40, overweight or have a history of diabetes anywhere 
in the family. 

What is diabetes? 

Diabetes is a disorder in which the body cannot control 
the levels of sugar in the blood. Normally the hor¬ 
mone, insulin, regulates the blood sugar level. But if 
your body does not produce or effectively use its insu¬ 
lin, diabetes results. 

Treatment of diabetes. 

Diabetes usually can be successfully managed. Some 
diabetics need no more than weight reduction, the 
right foods and moderate exercise to bring blood sugar 
levels under control. And, if these changes are not 
enough, a simple oral medication is all that may be 
needed. Today, even those who need insulin can be 
better and more comfortably managed by their doctors 
than ever before. 


The diagnosis is easy. 

But only your doctor can make it. And remember, if 
you are over 40 and overweight, or have diabetes in 
your family, you should have regular blcx»d and urine 
tests. Early diagnosis in adults can lead to better man¬ 
agement and fewer problems later on. 

Only your doctor can prescribe treatment. 

Follow your doctor’s advice about diet, exercise and 
medication. Also, be aware that you have a support 
system, which we call... 

Partners in Healthcare: 

You are the most important partner. 

Only you can see your dtxtor for a proper medical 
checkup. And it’s you who must decide to accept the 
guidance and counseling of your physician, pharmacist 
and other healthcare professionals. When medications 
are prescribed, only you can take them as directed. 
Your doctor orders your tests and makes the diagnosis 
Your physician will advise you on your weight, your 
diet and your exercise, and also decide if you require 
medication. He will help you monitor your progress. 
All those who discover, develop and distribute med¬ 
icines complete the partnership. 

Pfizer’s ongoing research brings you essential medi¬ 
cines for a wide range of diseases. Through develop¬ 
ment of these and many other medications, along with 
providing important healthcare information, we are 
fulfilling our responsibility' as one of your partners in 
healthcare. 

For additional information on diabetes, please contact your 
local American Diabetes Association affiliate, or call 
1- 800-227-6776. 

For reprints of this Healthcare Series, please write: Pfizer 
Pharmaceuticals, Post Office Box 3852D, Grand Central 
Station, New York, NY 10163 
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Science Writers: Angels or Devils? 


I t’s tough being a science writer these 
days. No sooner had I dived under the 
table to escape the barbs of presidential 
science advisor George A. Keyworth II 
than I bumped my head trying to emerge 
and take a bow at the biotechnology sym¬ 
posium of the National Academies of Sci¬ 
ence and Engineering. 

In remarks widely quoted last winter, 
Keyworth criticized the press for negativ¬ 
ism and doing “an irresponsible job of dis¬ 
cussing important technical issues . . . the 
role of biotechnology, for example.” 
Shades of Spiro Agnew’s nattering nabobs 
of negativity! Yet at the academies’ sym¬ 
posium the press was hailed as the essen¬ 
tial catalyst for improving public 
understanding of these very issues. 

So which is it: devil, angel, or a little bit 
of both? If science reporting is really as 
bad as Keyworth suggested, how can it be 
a medium of enlightenment as the sypos- 
ium speakers maintained? Or is genuine 
enlightenment really what they have in 
mind? Two independent studies have 
thrown some interesting and disturbing 
light on such questions. 

A three-year study based on interviews 
with editors and reporters convinced Jay 
Winston of the Harvard University School 
of Public Health that the prime cause of 
distorted science reporting isn’t ignorance, 
bias, or deadline pressure. It’s old-fash¬ 
ioned competition for the front page and 
a spot on the evening TV news. Many re¬ 
porters admitted to hyping their stories 
and distorting facts to gain prominent dis¬ 
play. Editors acknowledged that they pres¬ 
sure writers for more color and bite than 
some stories warrant. The result, Winston 
told the Harvard Gazette, is that “the in¬ 
tense competition places reporters in a 
conflict-of-interest situation where the re¬ 
porter’s personal aims can be at odds with 
providing a balanced presentation.” 

Keyworth, on the other hand, blamed 
distortion on what he perceived as the 
press’s desire to gain power “by being neg¬ 
ative and tearing at [established] founda¬ 
tions.” He observed that “much of the 
press seems to be drawn from a relatively 
narrow fringe element on the far left of 
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Newfangled 
media manipulation and 
old-fashioned competition 
can distort the reporting 
of complex technical 
issues. 


our society.” That sounds like the cry of 
a frustrated critic who doesn’t like re¬ 
porting that presents things in what he 
considers the “wrong light.” His allega¬ 
tion is a myth. But to me, as a press insider, 
Winston’s findings have the ring of truth. 

The flip side of Winston’s conclusion is 
what he calls the “current public-relations 
blitz.” Some experts, environmentalists, 
and other special-interest pleaders present 
out-of-focus views of technical issues—the 
risks of nuclear power or the hazards of 
acid rain, for example. Some scientists bla¬ 
tantly seek publicity for their work. And 
naive reporters blithely echo these self- 
serving pronouncements. 

It’s the shower of self-serving press re¬ 
leases from academe and industry that 
really fogs the lens of objectivity. Cornell 
University sociologist Dorothy Nelkin 
says she finds that “the press is viewed by 
all interests as a resource through which 
to manipulate the public.” Worse, she also 
found in a study of environmental re¬ 
porting “that half of the published stories 
adopted the language as well as the con¬ 
tent of press releases.” 


What an indictment of supposedly 
tough-minded editors and reporters! In 
their defense, 1 should say that it’s hard to 
keep one’s perspective amid this Machia¬ 
vellian clamor. Some science writers told 
Winston that they receive 400 pieces of 
mail a week. A spot check of my own mail 
showed that 75 pieces had arrived between 
the close of business on a Friday afternoon 
and the reopening the following Monday. 
About 80 percent consisted of the manip¬ 
ulative messages to which Nelkin and Win¬ 
ston refer. Most were of dubious value. 

In addition, a new, high-pressure prac¬ 
tice has grown up among public-relations 
agencies that some of us find repugnant. 
It’s the so-called “follow-up” phone call. 
Often I haven’t even opened the mail when 
a call comes in asking if I have such and 
such a release and what 1 intend to do 
about it. This is thinly disguised harass¬ 
ment, as some of the callers have admitted 
under questioning. 

Trying to report complex, often contro¬ 
versial, scientific and technological issues 
with balance, perception, and objectivity 
in such an atmosphere is a little like trying 
to write poetry in an iron foundry. Add 
to this the temptation to play up “a good 
story” in the competition for display, and 
you get much closer to the reason that 
science reporting is sometimes distorted 
than do Keyworth’s dark suspicions. 

The press itself has to answer for its 
faults, which include an embarrassingly 
high level of naivete not generally found 
in political reporting. But with all those 
manipulators out there in laboratory 
clothing, it isn’t easy for even the seasoned 
science writer to avoid all the pitfalls. 

I agree with Keyworth and many other 
critics of science writing that there is too 
much distortion in science reporting— 
along with much excellence. But there is 
no simple remedy. Editors and reporters 
need to bring to their sci/tech coverage the 
tougher standards they apply to political 
reporting—as they already do in many 
cases. But their critics in industry, govern¬ 
ment, and academe also need to clean up 
their act. Their “disdain” (to use Key- 
worth’s word) for the press belies their 
professed sincerity in wanting to inform 
the public. And please, would those who 
channel their manipulative messages 
through public relations firms ask that 
queries about press releases be made after 
midnight and before 4 a.m.? The guard on 
duty in our building will be happy to take 
the messages. □ 
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SCIENCE SCOPE 


A new radar can map military targets with high resolution equal to that of infrared devices, even in rain 
and other bad weather. The Advanced Synthetic Aperture Radar System (ASARS-2), designed to 
complement electro-optic sensors, is flown on a U.S. Air Force TR-1 reconnaissance aircraft and 
provides real-time radar imagery to a ground station. ASARS-2 operates in all weather at ranges far 
exceeding the capabilities of infrared and other electro-optic devices, thanks to new state-of-the-art 
signal processing and other advances. The Air Force gave the system an excellent rating after it 
underwent strict operational performance tests as part of a “fly-before-buy” program. Hughes Aircraft 
Company is producing the system under a development and production contract. Eventually ASARS-2 is 
expected to be adapted for tactical aircraft and mobile tactical stations. 

Jam-resistant communications have been introduced into NATO by a new terminal for AWACS early- 
warning aircraft. The Joint Tactical Information Distribution System (JTIDS) Class 1 terminal is 
designed to combat the formidable and growing electronic countermeasures threat to tactical 
communications. JTIDS uses principles of time division multiple access to provide secure, high- 
capacity communications for AWACS radar planes and ground stations. The system relays a wide 
variety of information, such as command and control, surveillance, intelligence, force status, target 
assignments, warnings and alerts, weather, and logistics. Software filtering lets each participant select 
data pertinent to his own needs. Hughes is producing the JTIDS terminal for use with NATO’s Airborne 
Early Warning/Ground Environment Integration Segment (AEGIS). 

Lasers soon will be inspecting solder joints of fighter aircraft radars , thanks to new manufacturing 
technology being set in place at Hughes. Solder joints will be examined by a computerized technique 
using lasers and fiber optics, the glass threads that carry laser light transmissions. The process will free 
manufacturing personnel from tedious and time-consuming inspections of more than 36 million solder 
joints created in a single year’s production. The project is part of an Industrial Modernization Incentive 
Program (IMIP) awarded by the U.S. Navy and Air Force. IMIP is a share-the-savings concept that will 
reduce costs of the F-14, F-15, and F/A-18 radar programs by more than $10 million, while improving 
the quality and reliability of the systems. 

Two high-power direct-broadcast satellites will carry family-oriented and religious programming for 
Dominion Video Satellite, Inc. The Hughes satellites will incorporate a novel design, combining 
existing technologies of spin-stabilized satellites and body-stabilized satellites. Each will carry large, 
winglike solar arrays similar to those on body-stabilized satellites. The wings will extend 110 feet, 
generating 5,000 watts of electrical power for eight channels of communications. A central spinning 
section will provide gyroscopic stability and additional electrical power for basic housekeeping 
functions.The satellites will be equipped with batteries to provide full power when the spacecraft pass 
through Earth’s shadow and the sun is blocked from the solar cells. 

Hughes’ Santa Barbara Research Center is seeking experienced engineers and scientists to further 
develop advanced IR focal plane technologies. We need custom integrated circuit designers, nuclear 
effects engineers, material scientists, semiconductor device scientists and process engineers, and IR 
system analysts. To learn how to become involved in this innovative technology, contact the Santa 
Barbara Research Center, Professional Employment, Dept. S2, 75 Coromar Drive, Goleta, CA 93117. 
Equal opportunity employer. U.S. citizenship required. 

For more information write to: P.O. Box 11205. Dept. 70-12. Marina del Rey, CA 90295 
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The Race For 
A Universal 
Office System 


The sales pitch goes like this: In the 
“Office of the Future” everything will 
work together — computers, tele¬ 
phones, word processors, the works. 
The new integrated systems, they say, 
will even turn out the lights when you 
go home. 

Behind these seductive promises are 
some of the most capable companies in 
America: IBM, Wang, AT&T, and a 
host of scrappy newcomers. 

Each has established a beachhead 
in the “Battle of the Desk Top.” Each 
aims to extend its reach into more of 
your office. And that is why so many 
business people have cried “Whoa!” 

Too often, “systems integration” 
turns out to mean buying more of a 

- continued on next page - 
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- continued from preceding page - 

particular vendor’s products. At the 
core of some proposals is an open- 
ended commitment to a single 
supplier. 

Few customers are eager to make 
such a marriage. Most are still sorting 
out the office of the present; they 
want to integrate the systems they 
already have. 

Says one technology-watcher: 
“Customers are used to going to dif¬ 
ferent vendors for different needs. 
Now they’re being asked to buy every¬ 
thing from everybody.” 

Enter AT&T Information Systems 
with an unusual perspective: AT&T 
itself is among the largest users of 


computers and communications gear 
in the world. 

We know what can go right - and 
what can go wrong. It is this experience 
that is at the heart of the systems inte¬ 
gration plan we now offer to our own 
business customers. 

0 

SHOTGUN. AT&T Information Systems 
believes that an integrated office sys¬ 
tem shouldn’t involve junking prod¬ 
ucts you already own. Nor a shotgun 
wedding with a single supplier. 

As customers ourselves, we have a 
huge investment in our existing office 
systems. So we have created a sys¬ 
tems architecture that defines “inte¬ 
gration” as making things work 


together-whether they’re old or new, 
our own or somebody else’s. 

Item: Your office telephone system 
can do double and triple duty as a 
highway for data — supporting com¬ 
puter traffic, monitoring energy use 
and security functions. 

Item: Word-processing terminals 
can link up with other devices in a 
company-wide message system. 

Item: Your isolated PCs can now 
be “networked” to share data and 
peripherals, and to communicate with 
larger computers. (Our own, and 
Brand X.) 

The fabric that supports such an 
array of components is a set of design 
rules, protocols, and other specifica¬ 
tions developed by AT&T, and known 
collectively as Information Systems 
Architecture. 

Information Systems Architecture 
is not a product; it is a plan. 

It defines the way the pieces of a 
system fit together, and the role that 
the whole system plays in a particular 
office. It does not dictate whose 
machines to buy-or when. 

Like your company’s organization 
chart, it outlines the relationships 
between “departments,” but does not 
create policy itself. 

0 

WHO’S WHO. A couple of months ago, 
we showed this ad to some technical 
experts from outside AT&T. “Where’s 
the beef?” they asked. “Whose 
gear can you tie together exactly?” 
they asked. “How well exactly? What 
next ...exactly?” 

The kind of detail our technical 
friends had in mind would leave the 
average reader numb. The items that 
follow are rated G - suitable for the 


An integrated office 
system shouldn't have to mean 
junking products you already own. 
Nor a shotgun wedding with 
a single supplier. 
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No vendor in this market 
can be all things to all people. 
Somebody has to be the Integrator 
That's our Ace. We know how 
to make the pieces fit. 
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general business audience: 

Open house. For a token $500, 
AT&T will show any competitor how 
to link their products with our digital 
switching systems. (PBX s, to the 
trade.) The names in our guest book 
read like a vendors Who’s Who: Wang, 
Mitel, Hewlett-Packard, Prime, Data 
General, NFC and 40 others. 

Result: a better fit between their 
office automation gear and our 
PBXs...and thus better communica¬ 
tion between the products of warring 
vendors. In your office, at least, they 
become allies. 

This “instant network” welcomes 
change. New terminals click right in 
to little outlets that look suspiciously 
like your phone jacks at home. 


Pinch, click! and your people are off to 
the races. They can share data, mail 
each other electronic valentines, 
make more money for the firm. 

Good news for IBM customers. A 
number of companies have found that 
an AT&T environment can enhance 
the usefulness of IBM equipment 
by serving as a “bridge” between 
Big Blue and the rest of the business 
world. 

Folding IBM’s unique system into a 
more open, more universal scheme is 
a tall order. Todays customer must 
install special “black boxes” to act as 
intermediaries. 

We can’t say what IBM’s troops are 
up to, but many of AT&T’s best and 
brightest are working nights to make 


the AT&T-IBM connection simpler, 
cheaper, and more complete. We will 
keep you posted on our progress. 

0 

AVALANCHE. On a typical business 
day, the assembly lines and “clean 
rooms” of AT&T will roll out thou¬ 
sands of computers, PBXs, printers, 
modems, terminals, networks and 
software. 

In 1984 we launched 100 new prod¬ 
ucts, twice as many as the year 
before. Despite this avalanche of sys¬ 
tems, it is our belief that no vendor in 
this market can be all things to all 
people. 

Somebody has to be the Inte¬ 
grator. That’s our Ace. We know how 
to make the pieces fit. 

In AT&T Information Systems 
Architecture, we now have the means 
to integrate office machines from 
many sources - ourselves and others, 
new or installed — into a single 
system. 

A system of systems that fits each 
customers particular business needs. 

To learn how Information Systems 
Architecture applies to your company’s 
present and future plans, please tele¬ 
phone 1-800-247-1212. Or write Mr. 
Dale Hegstrom, AT&T Information 
Systems. HO. Box 1405, Morristown, 
NJ 07960-1405. 



AT&T 

The right choice. 




























LESTER C. THUROW 


Preventing the Next Bank Panic 


T imes are tough on the predictions 
of economists. Last summer, while 
working on an article for the Neiv 
York Times on the Continental Illinois 
Bank crisis, the art editor asked me where 
she could obtain pictures of people sleep¬ 
ing in the streets waiting to get their money 
out of the banking system. I confidently 
told her that she was hopelessly out of 
date. We would never again see people 
sleeping in the streets because they were 
worried about small deposits. Small de¬ 
posits were insured. In the 1980s, banking 
crises take the form of a telex from big 
money-market managers withdrawing bil¬ 
lions of dollars in uninsured deposits. 

How wrong I was. Within nine months, 
people were sleeping in the streets in Ohio, 
anxious to get their money out of local 
banks. And they had cause to be worried. 
Many of them lost the use of their money 
for several days or weeks, and a few small 
depositors may lose some of their money 
permanently because the state insurance 
fund is also broke. 

By now no one can doubt that the Amer¬ 
ican banking system is fragile. Deposits, 
whether large or small, are no longer com¬ 
pletely secure, and the American public 
has a right to be nervous. When one asks 
why a seemingly stable banking system has 
suddenly become unstable, the answer 
comes in two parts: technology and the¬ 
ology. 

Many of the banking laws designed to 
protect bank depositors have been made 
obsolete by technology. The telephone, 
telex, and computer have undercut the 
laws prohibiting interstate banking and 
limiting financial institutions to certain 
types of activities. One can now do busi¬ 
ness in a state without physically being in 
that state. For instance, someone with an 
automatic teller card from a bank in New 
England can use that card to retrieve 
money in New York because of arrange¬ 
ments banks in different states have made 
with one another. 

Thanks to modern communications 
technology, large financial institutions 
such as Sears and Merrill Lynch can offer 
customers in many states money-market 
accounts and other services traditionally 
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New technology 
and todaysfree-market 
theology are eroding the 
stability of our banking 
system. 


offered by local banks. And since these 
large institutions do a higher volume of 
business, they often can provide lower in¬ 
terest rates and better services than smaller 
banks not tied into similar communica¬ 
tions networks. 

Technology has thus made possible 
completely new kinds of banking arrange¬ 
ments. But there is another force at work 
here. In a previous era, laws would be 
passed to regulate these new arrangements 
if and when abuses became apparent. For 
instance, after the stock market crash of 
1929 and the bank failures of the 1930s, 
a whole set of financial regulations was 
adopted. These regulations were designed 
to guarantee depositors that they could 
safely park their money without worry. 
Federal audits guaranteed (theoretically) 
that banking institutions were honest, and 
other laws guaranteed that the federal 
government would fully insure deposits 
(up to 5100,000). 

However, those guarantees of honesty 


and safety have started to unravel. After 
55 years, it seems, everyone who was old 
enough to have really experienced the 
Great Depression is dead or beyond influ¬ 
encing the rest of us. And society is once 
again ignorant enough to repeat its early 
mistakes. 

A theology based on the virtues of the 
free markets now prevails. Anyone who 
believes in those virtues thinks the free 
market can do no wrong and is therefore 
opposed to bank regulations. If regulators 
do not believe in regulation, then as a prac¬ 
tical matter, regulations gradually cease to 
exist—even if the laws behind them do not 
change. 

President Reagan’s regulators have 
made no effort to regulate the new kinds 
of banking that have developed because 
of advances in communications technol¬ 
ogy. Consider the buying and selling of 
government bonds. Big banks have always 
bought and sold government bonds, but 
they do so within the safety of their own 
subsidiaries. Small banks are also getting 
into that business. The competition from 
interstate and multifunction banking has 
forced them to become “go-go” banks if 
they wish to remain financially independ¬ 
ent and avoid takeover bids. And many 
have gone after the government bond mar¬ 
ket—even though they do not always have 
the human skills necessary to play in that 
market aggressively. 

Because of their size and out-of-the way 
location, small banks are often forced to 
do business with government bond dealers 
they do not know and cannot control. 
However, the audit regulations that were 
passed in the 1930s do not specifically 
cover these external bond dealers because 
they did not exist at the time. In an earlier 
era, the law would have been broadened 
to subject them to audit, but in the Reagan 
era of “let free markets rip,” this hasn’t 
happened. 

In Florida, one such bond dealer, who 
happened to be fudging his books, went 
broke and brought one of its Ohio bank 
lenders down with it. The losses of the 
Home State Savings Bank in Cincinnati 
were large enough to bankrupt the entire 
Ohio bank insurance system. When the 
Ohio bank insurance system goes broke, 
member banks who have not lent money 
to the Florida bond dealer are also forced 
to close their doors. 

Even though the Ohio banks were not 
technically insured by the federal govern¬ 
ment, in an earlier era federal regulators 
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would have immediately intervened to 
protect the depositors. They would have 
worried about collecting the necessary rev¬ 
enue from the state of Ohio or its state- 
insured banks only after making sure the 
system was stable. But in the Reagan era, 
regulators stood aside and let state au¬ 
thorities wrestle with a problem they could 
not quickly solve. 

Panic soon set in among small deposi¬ 
tors, and for a few weeks the entire state- 
insured banking system in Ohio ground to 
a halt. Most of the banks eventually re¬ 
opened and the crisis was alleviated, but 
not before another element of risk and un¬ 
certainty had been added to the American 
banking system. Each such element makes 
our system less stable and more fragile. 
Unregulated free financial markets are 
unstable and always have been unstable. 
That is the repeated lesson of history, and 
those who refuse to learn the lessons of 
history are doomed to repeat them. 

Protecting Depositors Large and Small 

Big banks are no more immune to this 
history lesson than small ones. Take, for 
example, the recent collapse of Penn 
Square Bank in Oklahoma. Technically, 
government insurance protects only small 
depositors; only the first 5100,000 in de¬ 
posits is insured. In fact, the federal gov¬ 
ernment has been following a policy of 
protecting all depositors, large and small, 
since the Great Depression. When banks 
have gone broke, no one, large or small, 
has been allowed to lose money. But when 
the Penn Square went broke a few years 
ago because of large losses on its portfolio 
of energy loans, its large depositors were 
not protected; they lost their deposits over 
5100,000. 

The free marketers running the Federal 
Deposit Insurance Corp. (FDIC) believed 
that if the large depositors were forced to 
lose money, they would take over the 
FDIC’s function of policing the banking 
system. Large depositors would watch the 
books of the banks where they were mak¬ 
ing deposits, and if these banks started to 
make dangerous loans, the larger deposi¬ 
tors would begin to withdraw their 
money, forcing the banks to adopt more 
conservative lending policies. In this way, 
the FDIC reasoned, the banking system 
could operate without federal regulation 
and inspection. 

The problem is that large depositors do 
not want to police the banking system; 


they have better things to do with their 
time and money. And they could not be 
the policing agent even if they wanted to, 
because they do not have legal access to 
the books of both the banks and their cus¬ 
tomers. Large depositors simply want 
safety and will flee any institution where 
they feel unsafe. 

The failure of Continental Illinois, the 
country’s eighth largest bank, is another 
case in point. True, Continental Illinois 
had made some bad loans, many to the 
Penn Square Bank. But it was not broke, 
despite rumors to that effect. The rumors 
began in the Far East and caused some big, 
supposedly sophisticated depositors to 
panic and withdraw' billions of dollars 
from Continental Illinois. 

The rumors then spread to Manufac¬ 
turers Hanover and withdrawals began 
there. At this point federal regulators, 
close to panic themselves, promised to 
protect large depositors in large banks. But 
depositors no longer believed them after 
the losses at Penn Square, and the with¬ 
drawals continued. In the end, regulators 
had to essentially nationalize the Conti¬ 
nental Illinois Bank before their promises 
became credible. 

Before the next banking crisis strikes— 
and there is bound to be one in a world 
where the safety of depositors is not guar¬ 
anteed—it is my hope that the current 
administration will recognize that w'hile 
some regulations are obsolete, others are 
not. Obviously, those government regu¬ 
lations that seek to prevent competition 
among financial institutions—limits on in¬ 
terstate banking and the activities that fi¬ 
nancial institutions can undertake— 
should be abolished. It’s simply not fair to 
regulate the more traditional segments of 
the banking community heavily while the 
newer financial institutions go scot-free. 

However, those regulations that seek to 
require honesty and safety—through fed¬ 
eral audits, minimum requirements on 
capital, and deposit insurance—should be 
extended. Since the Continental Illinois 
case proved that the system cannot work 
if only small depositors are insured, all 
depositors should be insured. Since the 
Ohio disaster proved that the system can¬ 
not work with fraudulent bookkeeping, 
the government should require federal au¬ 
dits whenever depositors’ funds are at risk. 
Laws providing for honesty and safety are 
not unwarranted intrusions into free mar¬ 
kets. Quite the opposite, they are precisely 
what make free markets work. □ 
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BY MICHAEL BARKER 


Crying Wolf over Capital-Gains 
Tax Reform 



T he Treasury Department’s “tax 
simplification” proposal has man¬ 
aged to offend just about every spe¬ 
cial-interest group around. Why? Because 
it would eliminate most of the expensive 
loopholes in the current tax system: tax 
breaks for the oil and gas industry, tax- 
free fringe benefits, tax credits for invest¬ 
ment, and deductions for charitable con¬ 
tributions and for state and local taxes. 
Treasury Secretary James Baker III, con¬ 
cerned that the plan might offend too 
many powerful Republican constituencies, 
has promised to retract any of its provi¬ 
sions if shown “evidence” of hurtful ef¬ 
fects. That was probably a mistake, for 
the line of would-be victims, armed with 
printouts from their favorite economic 
models, now stretches far down Pennsyl¬ 
vania Avenue. 

Unfortunately, one of the biggest ob¬ 
jects of complaint is also one of the best 
items in the plan. That’s the proposal to 
tax capital gains as ordinary income, with 
a top marginal rate of 35 percent and the 
gain adjusted for inflation. Currently, the 
top effective tax rate on capital gains is 20 
percent, and there is no adjustment for 
inflation. (Taxpayers can exclude 60 per¬ 
cent of realized capital gains from tax. The 
20 percent represents the top marginal tax 
rate on ordinary income of 50 percent ap¬ 
plied to the unprotected 40 percent of cap¬ 
ital gains.) 

George Gilder, the leading pamphleteer 
of supply-side economics, has written in 
The Wall Street Journal that the Trea¬ 
sury’s proposal is tantamount to a “war 
on entrepreneurs.” He claims that its en¬ 
actment would attack “the very lifelines 
of venture capital and the new equity mar¬ 
kets that have made the U.S. the Mecca of 
the world’s most creative businessmen and 
women.” 

Gilder’s cry has been taken up by Wall 
Street stockbrokers, corporate executives, 
and lobbyists for the venture-capital in¬ 
dustry. Without a special low rate on cap¬ 
ital gains, they say, risk-taking will be 
discouraged. Venture capital will be 
starved for funds. Entrepreneurship will 
flag, and fewer new companies will be es¬ 
tablished. Investors will shift their assets 
toward less productive and less risky in- 


MIC.HAEL BARKER is editor of “Politics & 
Markets," a monthly newsletter, and executive 
director of the Gallatin Institute, a nonprofit 
economic-policy research group based in Wash¬ 
ington, D.C. 


vestments—the “gimme shelter” effect. 
The stock market will be dragged down. 
A blight will move slowly across the face 
of the land. 

The problem with this argument is that 
there is nothing to it. There’s no evidence 
that it is true, and considerable evidence 
that it is not. 

The Bulldozer Effect 

The problem with the current capital- 
gains tax is that it taxes nominal rather 
than real capital gains. For instance, if you 
invest $100,000 and after a year, your in¬ 
vestment is worth $125,000, the nominal 
gain is $25,000. However, if inflation is 
10 percent, the real gain is only $15,000, 
yet you would pay taxes on $25,000. As 
a result, when inflation is high, investors 
can easily be hit with taxes on non-existent 
real income. That is obviously unfair. 

The tax system has provided favorable 
tax treatment for capital gains since the 
early 1920s, when the impact of postwar 


inflation on real asset values was imme¬ 
diately apparent. Then, and for the next 
50-odd years, it was generally agreed that 
the purpose of this special treatment was 
to ensure that taxes and inflation didn’t 
interact to produce a disincentive to in¬ 
vestment. Indeed, people seemed quite 
able to grasp a fundamental fact about 
financial investment: greater risk is accom¬ 
panied by the possibility of greater reward. 
Unless that reward is undone through dis¬ 
criminatory tax treatment, it is in itself 
sufficient compensation for the investor. 

But compensating for the potential ef¬ 
fects of inflation on asset values by ex¬ 
cluding a portion of capital gains from 
taxable income has always been a very 
blunt instrument. It is like weeding a gar¬ 
den with a bulldozer. When inflation is 
high, as it was in the late 1970s, even the 
current 60 percent exclusion rate will not 
compensate investors for the erosion of 
asset values. On the other hand, when in¬ 
flation is low as it is now, any investor 
with assets appreciating in excess of infla- 
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tion will be grossly overcompensated—in¬ 
deed, subsidized. 

This is why virtually all serious students 
of tax policy feel that the capital-gains tax 
should be indexed to inflation. With in¬ 
dexing, taxpayers would be taxed only on 
real increases in the value of their assets— 
and not on purely inflationary increases. 

George Gilder and Wall Street supply- 
siders say the current tax system provides 
a crucial incentive for entrepreneurship. 
They claim that the enormous growth of 
venture capital since 1978 is the direct re¬ 
sult of the fabled “Steiger Amendment.” 
Introduced by the late Congressman Wil¬ 
liam Steiger (D-Wisc.), this cut the top 
marginal rate on capital gains from 49 per¬ 
cent to just 28 percent. It was followed, 
in 1981, by a further drop to 20 percent. 

Gilder and his fellow supply-siders say 
that an increase in the capital-gains rate 
would “dry up” the sources of new money 
flowing into the venture capital industry. 
This is nonsense, pure and simple. To see 
why, we need only look at the tax status 
of those who invest in venture capital. 

Some 40 percent of the money com¬ 
mitted to venture capital in 1984—SI.26 
billion—came from pension funds, foun¬ 
dations, and endowments. All are tax-ex¬ 
empt investors for whom the capital-gains 
tax is simply irrelevant. Another 18 per¬ 
cent came from foreign sources not subject 
to American taxation. 

Of the remaining 42 percent, 28 percent 
came from insurance companies and other 
corporations (such as banks) that are able 
to manipulate the timing of their income 
to ensure a low rate of taxation. Only 15 
percent of the money invested in venture 
capital came from individual investors 
subject to the capital-gains tax. 

In short, most of the new money in the 
industry has come from institutions and 
individuals largely unaffected by the cap¬ 
ital gains tax. It wasn’t the big cut in tax 
rates that led to the explosion of venture 
capital at all. Other forces were at work. 
One of the most important was the lib¬ 
eralization of the investment guidelines of 
the Employee Retirement Income Security 
A a (ERISA) in 1978. In essence, this ac¬ 
tion by the Department of Labor allowed 
private pension managers to invest a rel¬ 
atively small fraction of their total pen¬ 
sion-plan assets in more risky investments, 
including venture capital. State pension 
funds quickly followed suit. As a result, 
private and public pension funds are now 
Continued on page 26 
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_ FORUM _ 

BY HERBERT LIN 

The Software for Star Wars: 
An Achilles Heel? 



June 2006: Several hundred Soviet inter¬ 
continental ballistic missiles (lCBMs) are 
launched at the United States. Their hot 
exhaust plumes make them visible to 
American satellites, enabling our laser bat¬ 
tle stations to attack and destroy most of 
them. However, some of these missiles are 
designed to detonate their nuclear war¬ 
heads if destroyed. These nuclear deto¬ 
nations generate intense thermal pulses 
that temporarily disable the infrared sen¬ 
sors searching for warhead carriers. These 
sensors take some time to recover, but they 
eventually find the carriers that survive 
and transmit their data to the next defen¬ 
sive layer. The computer program pro¬ 
cessing these data expects to receive them 
at a certain speed. But the initial disabling 
of the sensors means that the program 
must receive the information in a much 
shorter time than anticipated. The data 
cannot be processed as fast as they arrive, 
and therefore some are lost. -4s a result, 
several carriers go undetected, and their 
warheads penetrate to their targets un¬ 
touched by the remaining defenses. 

F anciful? Yes. Utterly impossible? 
Not at all. The debate over the Stra¬ 
tegic Defense Initiative (SD1), pop¬ 


Developing 
reliable software 
foi' ballistic-missile 
defense is a monumental, 
if not impossible, 
task. 


ularly known as Star Wars, has focused 
largely on individual items of hardware in 
the proposed system: the effectiveness of 
particle beams, lasers, and electromag¬ 
netic rail-guns, as well as the number of 
satellites required. Very little of the debate 
has addressed the difficulties of integrating 
these components into an effective and 
functional system. One of the most im¬ 
portant ingredients of the complete system 
will be the computer software used to co¬ 
ordinate the individual components and 
monitor both the threat and progress of 
battle. And this is where a potential 


Achilles heel of SDI can be found. 

President Reagan has repeatedly artic¬ 
ulated the goal of defending the entire na¬ 
tion against missile attack. This is an 
extraordinarily demanding aim, since it re¬ 
quires near-perfect effectiveness; even 1 
city destroyed out of 300 attacked would 
be a disaster unprecedented in American 
history. The program required to run such 
a system must be highly reliable, and that 
is the primary difficulty in developing soft¬ 
ware for a comprehensive ballistic-missile 
defense (bmd). 

Unprecedented Complexity 

Managing a comprehensive defense 
against ballistic missiles presents problems 
of unprecedented complexity. As Robert 
Cooper, director of the Defense Advanced 
Research Projects Agency (DARPA), 
notes, “We have no way of understanding 
or dealing with the problems of battle 
management in a ballistic-missile attack 
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ranging upward of many thousands of 
launches in a short period of time, i.e. tens 
of minutes.” 

The Defensive Technologies Study 
Team (DTST), assembled in 1983 to ex¬ 
amine the technologies needed for ballis¬ 
tic-missile defense, took note of these 
problems in its report to the Department 
of Defense (DOD): “[The development of] 
software for a battle management system 
will be a task that far exceeds in com¬ 
plexity and difficulty any that has yet been 
accomplished in the production of civil or 
military software systems.” The team es¬ 
timated that a software system of 10 mil¬ 
lion written instructions would be 
necessary. By comparison, the word-pro- 
cessing software for a home computer 
might require 5,000 instructions. The 
multics operating system for mainframe 
computers totals a few hundred thousand 
instructions. 

Debugging Star Wars Software 

Complicating this monumental task is the 
fact that the software for bmd battle man¬ 
agement cannot be tested in a realistic en¬ 
vironment! The simultaneous launch of 
500 American ICBM-Iike boosters as part 
of an ostensible test might be interpreted 
by the Soviets as a hostile act. Running 
small-scale tests, in which a bmd system 
intercepts only one or two missiles, and 
using computerized simulators to mimic 
large-scale threats may bolster confidence 
in the system. But this confidence would 
rest on the assumption that this experience 
could be extrapolated to an actual battle. 

Developing other complex military soft¬ 
ware has proven difficult. The AEGIS sys¬ 
tem is designed to defend naval task forces 
against air attack. Its computer software, 
which is a few hundred thousand state¬ 
ments long, must track hundreds of air¬ 
borne objects in a 300-kilometer radius 
and intercept targets that come within 
range of its defensive missiles. In its first 
operational test, the system failed to shoot 
down 6 out of 16 targets. The reason? 
Improperly written software. 

Large software systems are difficult to 
plan and debug. Planning such a large soft¬ 
ware system is difficult because the details 
of a battle environment are impossible to 
anticipate. Therefore, assumptions made 
about the expected environment may not 
correspond to the actual environment. For 
example, the software may be designed to 
interpret a “hot flare” as a missile to be 


attacked, without regard to the geographic 
origin of the flare. If “hot flares” are de¬ 
tected over Cape Canaveral during times 
of tension, this could cause serious prob¬ 
lems for space shuttle crews. 

Of course, the program could be mod¬ 
ified to make sure the computer cross¬ 
checks geographic origin before issuing at¬ 
tack commands. But someone would have 
to think of this modification in advance, 
and it is hard to think of all the modifi¬ 
cations that might be necessary. More¬ 
over, a change in one part of a large 
software system may have unanticipated 
consequences in another part. 

One Mistake Too Many 

Thus, software can assume a probabilistic 
character: the software may work most of 
the time, but on some occasions it will not. 
Worse still, it may be impossible to iden¬ 
tify precisely the conditions under which 
it will not work. And because in the case 
of bmd the software must carry out its 
operation within minutes, there is no time 
for human intervention in the event of er¬ 
ror or malfunction. 

Are there alternatives to conventional 
software development? Some defense 
planners think so. Major Simon Worden 
of the SDI Office has said that “a human 
programmer can’t do this. We’re going to 
be developing new artificial intelligence 
[ai] systems to write the software. Of 
course, you have to debug any program. 
That would have to be ai too.” 

This optimism is not justified. No mat¬ 
ter how sophisticated the software tech¬ 
nology, human beings must specify what 
the system should do. Automatic pro¬ 
gramming systems—programs “smart” 
enough to write other programs—do not 
automate the design process. Rather, they 
make easier the process of implementing 
design specifications into actual code. An 
early example of automatic programming 
is a compiler that translates a high-level 
programming language such as fortran 
into machine language that a computer 
can execute. 

Automatic programming provides no 
assurance that the design specifications do, 
in fact, specify what the designers intend 
them to specify. In general, computers do 
what people tell them to do, not what peo¬ 
ple mean them to do. The significance of 
this limitation becomes clear when one 
notes that about two-thirds of all errors 
Continued on page 18 


Cuisinarts 

is run by an engineer who loves 
cooking. We re looking lor another. 
Cuisinarts needs an electrical project 
engineer to help advance the state of 
the cooking art. Projects now being 
considered involve the application of 
up to date technology and components 
to motor and temperature controls tor 
use in the kitchen. This will require 
experience in the design of analog con¬ 
trol circuits, tamiliarity with available 
semi-conductors, digital design and 
software, and some knowledge of 
mechanics and heat flow. It is also very 
important that he understand the 
needs of the cook and the processes 
used in food preparation. His work will 
include generating specifications for 
new or improved products and coordi¬ 
nating the activities of consultants and 
suppliers, with in house testing and 
development. And on a personal level, 
this is an opportunity for him to see 
the fruits of his labor used and 
appreciated by many cooks. Please 
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Continued from page 1 7 
in computer software are made in the spec¬ 
ification and design phases. 

Not Everyone Is an Einstein 

It is fashionable for proponents of the SDI 
to dismiss claims of impossibility by citing 
the lessons of history. They point to Amer¬ 
ican optimism and our “can-do” spirit— 
to the times when nay-sayers were proven 
wrong. But the mere fact that someone has 
stated that something is impossible does 
not mean that it is in fact possible. For 
every Einstein dismissed by colleagues and 
later vindicated by history, there are 10 
others who were dismissed by colleagues 
and never vindicated by history. 

Indeed, in 1966 Secretary of the Army 
Stanley Resor said that “the technical fea¬ 
sibility of the nike-x [anti-ballistic missile 
system] and the high probability that the 
design objectives will be achieved are gen¬ 
erally accepted. All major engineering 
problems have been solved, and only mi¬ 
nor design fixes are foreseen.” What does 
history say about nike-x? In 1969, Con¬ 
gress voted to proceed with the deploy¬ 
ment of an ABM system derived from nikf.- 
x . In 1976, Congress voted to shut down 
this very same abm system because of 
doubts about its technical effectiveness. 

Finally, software poses a set of questions 
different from those posed by hardware. 
Hardware is tangible; one can look at it, 
feel it, drop it. Software is intangible: one 
cannot feel it or look at it, let alone drop it. 
Software is more similar to a thought pro¬ 
cess than to hardware, and therein lies a 
judgment call. One may argue that since 
no fundamental limits constrain human 
thought, software (in contrast to hard¬ 
ware) can solve problems of unlimited 
complexity. However, one may also argue 
that software is subject to the restraints 
imposed by the limited capability of the 
human brain to understand and program 
for complex systems. 

No one can know with certainty how 
the bmd software would work during a 
large-scale attack. How much confidence 
should the American public have in a bmd 
system so complex that no one person can 
understand it? That cannot be certified as 
error-free? That is operationally untesta- 
ble? The lessons learned from the per¬ 
formance of other large software systems 
suggest that the answer might be “very 
little” confidence indeed. □ 


Continued from page 4 
limited to males. Certainly that is one of 
the most serious and blatant sexual dis¬ 
criminations in the history of this country. 

If the G.I. Bill casts such a long shadow 
upon women today, it is only fair to also 
recognize the much darker shadow con¬ 
scription into war cast upon men during 
World War II. 

Michael D. Zuteck 
Kemah, Tex. 

Mr. Zuteck graduated from M.I.T. in 
1 967. He did not serve in the war nor was 
he ever eligible for the G.I. Bill. 

An unabashed fan note! Lilli Hornig’s ar¬ 
ticle is splendid. I have already used the 
opening anecdote about how “women 
prefer knives” at least three times. 1 found 
the suicide rate among female chemists 
over those 25 years a shattering figure. 
What I like most is the clear marshalling 
of empirical information that forces one 
to confront the factor of unconscious dis¬ 
crimination. 

John William Ward 
New York, N.Y. 

Mr. Ward is president of the American 
Council of Learned Societies. 

The author responds: 

The statement to which Professor Buch- 
wald objects, evidently with justification, 
represents my best recollection of a story 
told to me during several days’ stay at 
Carleton as the Elizabeth Nason Distin¬ 
guished Woman Visitor five years ago. 
Clearly I should have checked the infor¬ 
mation, and I hope the department—and 
your readers—will accept my apologies. 

Mr. Zuteck’s comments regarding the 
“social-justice” aspect of veterans’ edu¬ 
cational benefits present a difficult prob¬ 
lem. No evidence suggests that this 
legislation was intended primarily to com¬ 
pensate individuals for military service. In 
fact, the record supports the reading I have 
given—that the benefits were intended to 
ameliorate the dislocations that would 
inevitably result from the sudden dumping 
of several million men into an uncertain 
peacetime economy. The ready acceptance 
of such an expensive program by the pub¬ 
lic, on the other hand, surely rested on the 
“social-justice” argument. 

The higher-education community vig¬ 
orously opposed such benefits, arguing 
that most of these men would be unsuited 


for college because they had inappropriate 
educational or social backgrounds, or be¬ 
cause they were too old, married, or fa¬ 
thers. A few universities were so concerned 
that they created special programs and de¬ 
grees or “veterans’ colleges” to keep their 
“real” students and degrees pure. The uni¬ 
versities quickly abandoned these pro¬ 
grams once the veterans were on campus 
and demonstrated their qualities. Those of 
us who taught the returning veterans were 
unanimous in applauding their ability and 
dedication. 

Any potential impact of the bill on 
women’s education was not, as far as I can 
tell, considered at any level. There are two 
likely reasons for such an omission. First, 
women’s higher education and their pos¬ 
sible employment in the postwar period 
were not seen as matters of serious con¬ 
cern. And second, the enormous success 
of the bill, its perpetuation through later 
wars, and its expansion to peacetime draf¬ 
tees were simply not foreseen. As I stated 
originally, the damage to women’s pros¬ 
pects in higher education and subsequent 
careers was inadvertent but nonetheless 
real. 

The point is an important one in the 
history of women’s participation in higher 
education generally, and in the sciences 
particularly, because it shifts the focus 
away from women’s own behavior and 
toward a more realistic examination of 
barriers to their full participation. Such a 
shift is essential if women are eventually 
to attain equal access. 


Giving the Public a Say in 
Environmental Risk 

The Environmental Protection Agency’s 
“new strategy of involving the public in 
managing environmental and health haz¬ 
ards” is a refreshing change from past 
practice. ( See “Environmental Risk: 
Power to the People" by Barnett Kalikow, 
October, page 54.) An educated public can 
better distinguish actual from perceived 
risks, and work to change objectionable 
aspects of generally acceptable programs. 

Public support is necessary for a de¬ 
mocracy to function. Measures that in¬ 
volve the public in making economic 
decisions—for which they will have to pay 
the price as well as gain the benefits—are 
a step in the right direction. 

Bruce Brager 
Arlington, Va. 
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BOOKS AND COMMENT 

Physics of Time, Navigation Video, 
and Cancer Crusade 


The Physics of Time and 
Order 


Order Out of Chaos 

by Ilya Prigogine and Isabelle Stengers 

Bantam Books, S8.95 

Reviewed by David Layzer 


Many processes of everyday life are irre¬ 
versible. Ice cubes placed in hot tea cool 
it as they melt, but we will wait in vain 
for the ice to re-form. Gasoline once 
burned in the engine of a car cannot be 
reconstituted from the exhaust gas. Elec¬ 
tricity can be used to heat water, but only 
a small fraction of the heat generated can 
be turned back into electricity. All these 
processes convert order in one form or 
another into disorder. According to the 
second law of thermodynamics, they can¬ 
not be turned back. They always proceed 
in the forward direction of time. In fact, 
they define that direction. The British as¬ 
trophysicist Arthur Stanley Eddington 
once said that they equip time with an 
arrow. 

However, an observer who could see 
individual molecules and their motions 
would form a different picture of the 
world. Such an observer wouldn’t perceive 
a distinction between order and disorder, 
and so wouldn’t be able to formulate the 
second law of thermodynamics. The di¬ 
rection of the future would be indistin¬ 
guishable from that of the past. For 
example, if the velocities of the molecules 
in a gas were suddenly reversed, they 
would simply retrace the steps they had 
taken. 

How can we reconcile the manifest ir¬ 
reversibility of the macroscopic processes 
of everyday life with the apparent revers¬ 
ibility of the underlying microscopic pro¬ 
cesses? Physicists’ classical answer is that 
macroscopic processes are reversible: ice 
cubes can form spontaneously in water, 
but the initial conditions—the precise lo¬ 
cations and velocities of individual water 
molecules—that would give rise to such 
an event are exceedingly rare. But why are 
they rare? Why shouldn’t the universe 
have been constructed in such a way that 
ice cubes routinely form in glasses of 
water? 

In Order Out of Chaos, Ilya Prigogine, 
a physical chemist and Nobel laureate, and 
Isabelle Stengers, a historian and philos¬ 
opher of science, seek to answer this ques¬ 



tion. And they ask a second, related 
question: If order always tends to decay, 
as the second law says it must, why is there 
so much of it in the world? Why has the 
universe failed to achieve that state of per¬ 
fect chaos toward which, according to the 
second law, it continually strives? 

The Origin of Irreversibility 

Prigogine and Stengers argue that the ten¬ 
dency of order to dissolve into chaos is 
rooted in a dynamical instability of certain 
complex systems. An unstable system 
(such as a gas) evolves in a radically dif¬ 
ferent way if the initial conditions are al¬ 
tered only slightly. This concept can be 
illustrated by the following imaginary ex¬ 
periment: 

Picture a box divided in two by a par¬ 
tition. Initially the lefthand compartment 
is filled with air and the righthand com¬ 
partment is a vacuum. If you make a tiny 
hole in the partition, soon there are nearly 
equal numbers of molecules in the two 
compartments. Imagine now that the ve¬ 
locities of all the molecules could be sud¬ 
denly reversed. Because the laws that 
govern collisions of molecules do not dis¬ 
criminate between the two directions of 
time, every-molecule would simply retrace 
its path (provided the box were shielded 
from all outside influences). The molecules' 
on the right side of the partition would 
make their way back through the pinhole, 
leaving the righthand compartment empty 
once more. 


If, however, the velocities were not re¬ 
versed precisely but only approximately, 
the outcome would be qualitatively dif¬ 
ferent. Nearly all the molecules that would 
have gone back through the pinhole if 
their velocities had been exactly reversed 
now would miss the pinhole, and the num¬ 
bers of molecules in the two compartments 
would remain nearly equal. The system is 
dynamically unstable because a minute 
change in the initial conditions causes a 
large change in the subsequent history of 
the gas. 

Prigogine and Stengers argue that the 
molecular configurations that would cause 
ice cubes to form spontaneously in water 
are not only rare but also dynamically 
unstable. This implies that such states can¬ 
not be prepared in the laboratory: to do 
so a physicist would need instruments ca¬ 
pable of unattainable precision. 

So far the argument is sound—and not 
particularly novel. Now it takes a sur¬ 
prising turn. The authors assert that what 
a physicist cannot obtain in the labora¬ 
tory, nature cannot obtain either. If dy¬ 
namic instability makes it impossible for 
physicists to create initial conditions that 
will cause ice cubes to form in water, such 
conditions cannot exist. Why? Because, 
claim Prigogine and Stengers, modern 
physics has taught us that the traditional 
distinction beween the observer and the 
observed—between objective physical 
reality and the physicist who observes and 
manipulates it—can no longer be main¬ 
tained. Physical laws, they say, must refer 
to the outcomes of possible measurements 
rather than to an ideal, detached reality. 

The Origin of Order 

How does order come into the world? For 
Prigogine and Stengers the following ex¬ 
ample is paradigmatic: 

Imagine a shallow pan of water heated 
from below by a gas flame. As long as the 
temperature difference between the bot¬ 
tom of the pan and the surface of the water 
is small, the water remains still. Now sup¬ 
pose that the gas flame is slowly turned 
up, causing the temperature difference to 
increase. When it reaches a certain critical 
value, the water begins to move. A regular 
geometric pattern of hexagonal convec¬ 
tion cells develops. In each cell, water rises 
in a central column and runs down at the 
edges. Prigogine and Stengers call this pat¬ 
tern of convection cells a “dissipative 
structure.” Why “dissipative”? Friction is 
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normally an agent of entropy, dissipating 
order, but here that very force—internal 
friction in the water—plays an essential 
part in the emergence of the ordered struc¬ 
ture. Without internal friction, the small¬ 
est temperature difference would cause 
chaotic motions rather than orderly cel¬ 
lular convection. 

Dissipative structures are important in 
several branches of macroscopic physics, 
including meteorology and physical chem¬ 
istry. Tornadoes are related to such struc¬ 
tures, and so are certain experiments in 
which a mixture of reacting chemicals pro¬ 
duces colored patterns that undergo 
rhythmic variations. 

Prigogine and Stengers maintain that 
dissipative structures are important in cre¬ 
ating order in much wider contexts. In 
particular, they suggest that dissipative 
structures forming in the primordial pre- 
biotic soup may have been instrumental 
in bridging the gap between nonliving and 
living matter. 

A Conceptual Revolution 

The authors of Order Out of Chaos claim 
to describe a “conceptual revolution” that 
is changing the way scientists look at time, 
change, order, and irreversibility. They are 
to be congratulated for their impressive 
attempt to bring these scientific and phil¬ 
osophical issues to a wide audience. And 
their ideas do indeed have revolutionary 
implications. For example, Prigogine’s 
theory of thermodynamic irreversibility 
would require far-reaching changes in the 
laws that govern elementary particles and 
their interactions. But are the proposed 
solutions valid? 

Many physicists would agree with the 
authors that the irreversible behavior of a 
gas results in part from the fact that its 
history is sensitive to small changes in the 
initial positions and velocities of its mol¬ 
ecules. They would also agree that this 
instability makes it impossible in practice 
to predict the long-term history of an iso¬ 
lated gas. However, I am not convinced 
by the authors’ claim that “in practice” 
implies “in principle.” Their arguments 
are philosophical rather than scientific. In 
my opinion (though others would disa¬ 
gree), neither the theory of relativity nor 
quantum mechanics challenges the thesis 
that physical laws refer to an objective 
reality, independent of physicists and their 
measurements. 

I find Prigogine and Stengers’ solution 



to the problem of order equally uncon¬ 
vincing. They repeatedly imply that dis¬ 
sipative structures hold the key to an 
understanding of all kinds of orderly 
structures, from nucleic acids to galaxy 
clusters. Most students of the origin of life 
believe that the first living systems were 
self-replicating molecules—precursors, 
perhaps, of modern rna. The formation 
of a self-replicating molecule in a soup that 
contains the molecule’s building blocks 
along with a suitable source of energy to 
fuel replication does indeed trigger an in¬ 
stability. But it is very different from the 
kinds of instability that give rise to dissi¬ 
pative structures such as convective cells 
and tornadoes. 

Still different processes give rise to as¬ 
tronomical order—the prevalence of hy¬ 
drogen (a chemically disorderly universe 
would consist mainly of iron) and the hi¬ 
erarchy of astronomical systems such as 
planets and their moons, solar systems, 
and galaxies. Both biological order and 
astronomical processes are accompanied 
by dissipation—that is, the growth of en¬ 
tropy—but in neither, in my opinion, does 
dissipation play an important role. A bet¬ 
ter explanation for the emergence of order 
must still be sought. □ 


DAVID LAYZER, Donald H. Menzel 
Professor of Astrophysics at Harvard Uni¬ 
versity, is the author of Constructing the 
Universe in the Scientific American Illus¬ 
trated Library (1984) and is working on 
a book on order. 


Home Video Goes 
Instructional 

Celestial Navigation Simplified 
With William F. Buckley, Jr. 

Avant Communications, S69.95 

Reviewed by Joan Baum 


In this instructional “video book”—the in¬ 
dustry term for a videocassette of any sub¬ 
ject that is not a movie—William F. 
Buckley, Jr., promises that we can use ce¬ 
lestial navigation to sail from anywhere in 
the world and arrive at our destination. 
But at the end of the film, he urges us to 
write him if we’re lost at sea . . . care of 
the Democratic National Committee. 

The wit, the charm, the erudition are 
familiar, but Buckley, the noted political 
commentator and author, has positioned 
himself on a different kind of firing line in 
Celestial Navigation Simplified. This one 
is a “line of position” (LOP) which, when 
intersected by other plotted lines, will yield 
information about where we are at sea. 
Actually, about where we are not, for as 
our genial host declares, celestial naviga¬ 
tion functions by giving us the “exact mea¬ 
sure of our misjudgment.” Plotting the 
points for celestial navigation also in¬ 
volves reconstructing the Ptolemaic uni¬ 
verse of centered earth and revolving sun, 
as it is a system for mapping space-time 
onto two dimensions. 

Anyone who has read or seen the video 
version of Airborne , Buckley’s 1976 best¬ 
selling account of his first trans-Atlantic 
sail, will understand the need for celestial 
navigation: Buckley’s electronic naviga¬ 
tional gear was inoperative most of the 
time. He responded with this film, to be 
played on a videocassette recorder (VCR), 
that purports to teach in 40 minutes a 
complex calculation that Buckley says can 
be done in 4. 

Video books are not simply electronic 
textbooks. For a subject like celestial nav¬ 
igation, which turns on spherical trigo¬ 
nometry, the combination of computer 
graphics and photography enhances learn¬ 
ing, as does the possibility of repeated 
viewing. Outdoor shots alternate with 
closeups of reference tables; music is heard 
occasionally, a rolling sea glimpsed. The 
presence of an articulate narrator is also 
important in giving video instruction an 
edge over print. Buckley, sky-blue sweater 
setting off his pale blue eyes, talks to us 
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BOOKS 'CONTINUED 


On a clear day you may 
see forever; on a cloudy day you can 
easily miss Bermuda. 


from a large leather armchair with his 
mind at play, his polysyllabic articulations 
cascading over mid-sentence pauses. Yet 
he is properly understated for the occasion 
and the script is lean. 

Aiming for Bermuda 

Celestial Navigation Simplified will not re¬ 
place a standard offshore course but it can 
complement one, especially for the busy 
professional. When replayed several times, 
the overview, nine-part exposition, con¬ 
cluding summary, and accompanying 
printed worksheet should provide both be¬ 
ginning and experienced sailors with 
enough to talk about and do during those 
long lulls that are among the most dan¬ 
gerous hazards of ocean sailing. 

Nonetheless, the subject is difficult and 
the instruction will be heavy going for the 
neophyte. Buckley teaches HO 249, the 
“easiest” of the celestial navigation sys¬ 
tems, yet the array of acronynms involved 
can baffle even an experienced sailor. 
There is the GMT (Greenwich Mean 
Time) correction to be made on the WT 
(watch time), the IE (index error) to note, 


along with the dip (height of eye), the SD 
(semidiameter), the HO (height observed), 
the dec. (declination, or latitude of the 
sun), and the GHA (Greenwich hour an¬ 
gle). Interpolation charts must be deci¬ 
phered and several other calculations 
made—all to get an LOP, which isn’t yet 
our point of location. Heady stuff, and 
then not even totally reliable. On a clear 
day you may see forever; on a cloudy day, 
with the Loran not working and your cal¬ 
culations slightly off, you can easily miss 
Bermuda. 

Because video books are a relatively new 
medium, viewers may expect to pick up 
the subject more easily than is realistically 
possible. Although the worksheet distills 
the steps in the sighting and recording pro¬ 
cedure, a summary of the nine points and 
a glossary of technical terms would help 
the novice grasp the subject. Showing the 
overview statements on screen would also 
reinforce the message without compro¬ 
mising the value of the video medium. So¬ 
phisticated viewers may want to rig up an 
index-counter to locate individual sections 
of the film. 

Video books are a potentially powerful 


product with enormous possibilities for in¬ 
struction. Interestingly, Avant Commu¬ 
nications, the publisher, reports that many 
of those interested in celestial navigation 
are women, who see expertise in the tech¬ 
nique as a way to move out of the galley. 
Avant is also planning to release a cassette 
on health care and another on New York’s 
Cooper-Hewitt Museum. Already out, in 
the nature of documentaries, are The Last 
Sailors narrated by Orson Wells and a 
video version of photographer Robert Va- 
vra’s Such Is the Real Nature of Horses. 
Indeed, sales of nonmovie video now com¬ 
prise 15 percent of the billion-dollar, 18- 
million-unit VCR industry. 

Video books do especially well at hol¬ 
iday time. Last December Abercrombie 
and Fitch showed Celestial Navigation 
Simplified in its new store at New York’s 
South Street Seaport. How fine, after din¬ 
ner, to see it on the cabin coffee table at 
the serving of the chartreuse. □ 


JOAN BA UM, an amateur but avid sailor, 
teaches English at York College of the City 
University of New York. 


Cancer Crusade 


The Apocalyptics: 

Cancer and the Big Lie 

by Edith Efron 

Simon and Schuster, S 19.95 

Reviewed by Gerald Wogan 


In The Apocalyptics, media critic and best¬ 
selling author Edith Efron tells of her dis¬ 
covery of “a cultural crime which should 
not be possible in a free society: a complex 
corruption of science and a prolonged de¬ 
ception of the public” regarding the causes 
of cancer. Efron maintains that a band of 
irrational antitechnology, anticapitalist 
“environmentalists,” members of the 
counterculture of the 1960s, conspired to 
exaggerate the role of industrially pro¬ 
duced chemicals in human cancer. She be¬ 
lieves that these scientists manipulated a 
gullible press into promulgating their 
mythical theories, and identifies five prin¬ 
cipal villains: Rachel Carson, Paul Ehrlich, 
Barry Commoner, Rene Dubos, and 
George Wald, all of whom wrote popular 



books during the 1960s and 1970s. 

Efron maintains that these cancer apoc¬ 
alyptics put forward three fundamental 
axioms. The first—the “Garden of Eden” 
theory—held that most carcinogens are 


synthetic chemicals. The second axiom 
held that 90 percent of cancer is caused 
by environmental factors. The third idea, 
a derivative of the first two, predicted that 
a cancer epidemic was imminent owing to 
people’s increasing exposure to industrial 
chemicals since the end of World War II. 
Although Efron is right in saying that these 
were among the important concerns of en¬ 
vironmentalists and many other scientists 
during those two decades, the axioms were 
considered hypotheses to be tested rather 
than proven results. 

In fact, Congress and the Nixon admin¬ 
istration initiated the National Cancer 
Program in the early 1970s in response not 
to apocalyptic voices but to the convic¬ 
tions of a broad spectrum of scientists, 
physicians, and laypeople that the tech¬ 
nical groundwork had been laid for a fron¬ 
tal attack on all aspects of the cancer 
problem. Relatively little was then known 
about the risks from carcinogens in the 
human environment. In the ensuing years, 
billions of dollars from federal agencies 
and private organizations have been used 
to improve cancer diagnosis, treatment, 
control, and prevention. This massive en- 
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deavor has yielded a vastly improved un¬ 
derstanding of the mechanisms by which 
chemicals and viruses cause cancer. 

We now know that many chemicals of 
both human and natural origin induce 
cancers in experimental animals, and that 
people are exposed to a multitude of these 
substances in the course of daily living. 
Whether these chemicals actually cause 
cancer—beyond the well-established as¬ 
sociation between cigarette smoking and 
lung cancer, and a small number of can¬ 
cers induced by certain drugs and work¬ 
place chemicals—is unknown. Research 
shows that diet and lifestyle also interact 
with these factors to influence cancer risk. 
Since preventing exposure to naturally oc¬ 
curring carcinogens is difficult, regulators 
have focused on limiting people’s expo¬ 
sure to synthetic chemicals. 

A Simplistic View 

The author marshals massive evidence 
from the scientific literature to discount 
the results of research on the carcinogenic 
effects of chemicals, yet her own views are 
highly distorted and simplistic. For ex¬ 
ample, she concludes that because the 
huge volume of animal experiments is so 
full of contradictory evidence, they are to¬ 
tally invalid for predicting cancer in hu¬ 
mans. However, if she had delved more 
deeply into these experiments, she would 
have found impressive evidence that chem¬ 
ical carcinogens mutate human cells and 
tissues much the way they change animal 
cells and tissues. Thus, people exposed to 
animal carcinogens, whether synthetic or 
naturally occurring, are at some level of 
risk. Furthermore, scientists make use of 
a broad spectrum of tests to corroborate 
animal experiments before deciding which 
chemicals should be regulated. 

In attacking the uncertainties of the reg¬ 
ulatory process and its scientific underpin¬ 
nings, the author creates the false 
impression that environmental factors 
play no role in causing cancer. She may 
therefore engender in readers a cynical fa¬ 
talism concerning opportunities to reduce 
their own risk of developing cancer. □ 


GERALD WOGAN is Underwood-Pres- 
cott Professor and chairman of the De¬ 
partment of Applied Biological Sciences at 
M.I.T. 
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M.l.T. REPORTER 


O N the fortieth anniversary of the 
first nuclear explosion, 6 of the 11 
Manhattan Project scientists now 
at M.l.T. urged Americans to put the genie 
of the nuclear arms race back into the bot¬ 
tle. The occasion was the 1985 Karl Tay¬ 
lor Compton lecture at M.l.T., and it 
provided an historic opportunity to bring 
together many of the alumni of the Los 
Alamos A-bomb project. 

“Those of us who were involved in what 
you might call the original sin have been 
working ever since to contain the effects 
of our invention,” M.l.T. physics Profes¬ 
sor Bernard T. Feld told the 400 students, 
staff, and faculty members gathered at the 
April 17 event. 

“We went out and made public speeches 
about the bomb” after the war, said In¬ 
stitute Professor of Physics Victor Weiss- 
kopf. “We wrote many articles and we 
tried to create committees such as the 
Emergency Committee of Atomic Scien¬ 
tists headed by Albert Einstein.” 

Their intent was to contain nuclear 
weapons through international agree¬ 
ment. “We hoped to end the age-old cus¬ 
tom of organized mutual mass murder,” 
Weisskopf said. But the world was not 
ready to hear their voices, and the need 
for action is more urgent now than ever. 

“At this moment in history, we are on 
a collision course. Time is running out,” 
Weisskopf warned. He urged the MIT 
community—particularly the young peo¬ 
ple because “they are the ones who will 
make things change”—to work for the end 
of the nuclear arms race through politics, 
mass demonstrations, and, if necessary, 
civil disobedience. 

It was, in fact, young people, working 
through the M.l.T. Student Disarmament 
Study Group, who came up with the idea 
for this year’s Compton Lecture. They en¬ 
listed the aid of the Office of the Provost, 
which sponsored and organized the all¬ 
day event. The program began with an 
afternoon showing of The Day After Trin¬ 
ity, a documentary on the Manhattan 
Project based on interviews with Los Ala¬ 
mos scientists. 

After the film, six veterans of Los Ala¬ 
mos—Feld, Weisskopf, physics Professors 
Martin Deutsch and Philip Morrison, and 
metallurgy Professor Cyril S. Smith, and 
electrical engineering Professor Jerrold 
Zacharias—participated in a panel dis¬ 
cussion. Weisskopf, Morrison, and Kay- 
atyani Bajpai, the Indian ambassador to 
the United States, jointly gave the formal 



Rethinking 
the Legacy of 
Los Alamos 

BV DIANA BEN-AARON 


Scientists 
who helped build 
the atomic bomb 
call for an end to 
the anus race. 


Compton Lecture in the evening. Imme¬ 
diately afterward, members of student and 
faculty disarmament study groups left for 
Washington to take part in the nationwide 
University Lobby Day to stop the arms 
race. 

“The Work of the Devil” 

Some of the lecture’s participants began 
their remarks by recalling the first explo¬ 
sion of an atomic bomb 40 years ago in a 
New Mexico desert. Weisskopf said he 
would always remember it as “the day the 
sun rose twice. 

“We were told to lie down on our stom¬ 
achs with our faces away from the blast, 
but of course we could not do that because 
we would not be able to see anything. So 
after the generals had assumed that posi¬ 
tion, Phil and I put on our dark glasses— 
we had made them calculating that [the 
explosion] would have the light of 20 mid¬ 
day suns—and turned around. 

“The only thing our calculations had 
not prepared us for was the heat on our 
faces in the cold New Mexico pre-dawn,” 
Morrison recalled. “It has been suggested 
that there should periodically be field a 
ceremonial above-ground test so the 
world’s statesmen can also feel the heat 
on their faces. That suggestion is not with¬ 
out its persuasiveness.” 

The Los Alamos veterans seem to feel 
that once fission was discovered, there was 
no turning back. “When fission was de¬ 
scribed in 1938, by Lise Meitner and Niels 


Bohr, every halfway respectable depart¬ 
ment of physics—across the world from 
Japan to the USSR—was able to duplicate 
within a couple of days the fission pulses,” 
Weisskopf said. “If we hadn’t constructed 
the atomic bomb, others would have 
sooner or later.” 

Deutsch offered another perspective: 
building the A-bomb, which fie described 
as the “work of the devil,” was “necessary 
for growing up. Mankind has passed its 
adolescence. There is no way to go back 
to childhood, to Paradise.” 

For those scientists who were directly 
involved, that turning point brought with 
it an enormous “feeling not of guilt, but 
of responsibility,” said Smith. “We want 
people to know what happened and what 
it meant.” 

Some of the Los Alamos veterans have 
focused on entirely different areas of re¬ 
search in the ensuing 40 years. “When the 
war was over, I wanted nothing to do with 
weapons,” Deutsch said. Instead, he con¬ 
centrated on the applications of high-en¬ 
ergy particle physics to medical and 
biological problems. Some—like Einstein, 
Weisskopf, and J. Robert Oppenheimer— 
began voicing concern over the further de¬ 
velopment of nuclear weapons. And some 
continued to work on bigger and better 
bombs. 

“We [the United States] continued our 
work after the Hitler defeat because of the 
momentum of the military machine,” 
Weisskopf noted. “By then it was—in Op- 
penheimer’s phrase—a technically sweet 
project.” 

That momentum is still one of the 
reasons why no real progress has been 
made toward nuclear containment over 
the last 40 years, Weisskopf said. Fear is 
another pervasive reason, he said—fear of 
a first strike, fear of being weaker than the 
Soviet Union, fear that the Soviet Union 
will move aggressively against other coun¬ 
tries unless we stay strong. 

Weisskopf believes the leaders of both 
countries must somehow change their at¬ 
titude of fear and “paranoiac mistrust” to 
one of mutual understanding. Americans, 
he said, must begin by recognizing that 
“you can’t change a despicable system by 
force. You need to change the system in 
the Soviet Union by thawing—by letting 
them come over here and see how we live.” 

Another obstacle to nuclear disarma¬ 
ment is nationalism. “When Colonel Wil¬ 
liam Lampton was engaged by the East 
India Co. to do a survey of India, his most 
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M.l.T. scientists gathered recently 
to mark the 40th anniversary of the 
first explosion of the atomic bomb. 
Here Professor Philip Morrison talks 
with Kayatyani Bajpai, India’s am¬ 
bassador to the U.S. 


important instrument—the theodolite— 
was sent by sea and captured by a French 
ship. Three or four years later—no great 
delay in 1807—it was returned by the 
French Academy with a note saying, 
‘Please use it to generate your maps,’ ” 
Morrison said. “At that time, science was 
thought of as above national conflicts.” 

Today, science is almost always subju¬ 
gated to nationalistic ends, Morrison 
maintained: “Now, of course, the figure 
of the earth is a top military secret. If you 
know where there are concentrations of 
mass and changes in the geoid that haven’t 
yet been detected by satellite perturba¬ 
tions, you’d better not tell anybody, be¬ 
cause it’s very important for aiming and 
detecting missiles.” 

Another by-product of this obsession 
with national strength is a shortage of tal¬ 
ented scientists to solve other important 
problems. “The increasing amount of car¬ 
bon dioxide in the atmosphere and acid 
rain—now these are things that need sci¬ 
entists, scientific collaboration, and sci¬ 
entific investigation,” Weisskopf pointed 
out. “But where are all our scientists? 
They are in defense.” 

In his speech, the Indian Ambassador 
acknowledged that the existence of the 
bomb has prevented war between the great 
powers for the last 40 years. But he 
warned that this situation will not last 
much longer. “The larger nations have 
kept the balance of power while they 
sowed the seeds for war and denied the 
small nations their rights,” Bajpai said. 
“So far the scales have maintained equi¬ 
librium. But if we keep piling them up, the 
scales will break.” 


The danger of nuclear weapons, 
Deutsch said, comes not from their pos¬ 
session but from the inability to control 
“sudden attacks of insanity.” As Morrison 
noted, “A mutual suicide pact is not a 
stable situation.” Zacharias concurred, 
saying, “It doesn’t matter who pulls the 
trigger, or which chip in which computer 
sets off the accident, the point is that we 
share a common peril.” 

A number of scientists criticized the 
Strategic Defense Initative (SD1), better 
known as Stars Wars. Morrison noted that 
the technical feasibility of SDI is not the 
real issue. It is that the United States can 
not possibly construct a permanent de¬ 
fense against nuclear attack. “Once the 
SDI weapons are built, they will be useless 
against the system the Russians will inev¬ 
itably build to counter them. In the mean¬ 
time, we will have started another arms 
race with extraordinary new orders of 
magnitude.” 


Instead of building more weapons, 
Morrison suggested that the United States 
make the first move in slowing down the 
nuclear arms race. “Representative Pat 
Schroeder [D-Colo.] has just proposed a 
resolution that goes like this: ‘Let it be the 
sense of Congress that before August 6, 
1985, the President shall declare a three- 
month freeze on nuclear testing, provided 
only that the Russians do the same.’ Then 
we can continue the freeze indefinitely, re¬ 
viewing it every 3 to 6 months and insti¬ 
tuting other measures. 

“Now that has the flavor of an initiative 
that does not compromise the peace. That 
has the flavor of what will work.” □ 


DIANA BEN-AARON, former editor-in-chief 
of The Tech, graduated from M.l.T. this June 
with a degree in humanities and materials sci¬ 
ence. She wrote her senior thesis on scientists' 
attitudes toward social responsibility. 


AN UNBEGRUDGING CONTRIBUTION FROM 
ENGLAND TO AMERICAS FOURTH OF JULY. 



When you raise your 
' Beefeater’ and tonic on 
the Fourth,'and propose a bracing toast 
to Independence, spare a sporting 
thought for the English. 

Decent of them, under the 
circumstances, to share with us this most 
excellent of their gins. 
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FORUM TAX REFORM 


The tax rate on 

capita l gains is just not something 
entrepr eneurs worry about. 


Continued from page 15 
the single largest source of new venture 
capital, and their share of total venture 
investment continues to grow. 

Inflation has also been an important fac¬ 
tor. In the mid to late 1970s, major insti¬ 
tutional investors, such as life insurers, 
found their investment portfolios savaged 
by sky-rocketing inflation and the collapse 
of the bond market. Along with real estate, 
venture capital seemed to offer a way to 
“inflation-proof” their portfolios. At the 
same time, a resurgent stock market re¬ 
opened the window for new public offer¬ 
ings, making it easier for venture 
capitalists to take their companies public. 
A mergers and acquisitions boom made it 
easier still for venture-backed companies 
to be merged into large firms. 

Impressive Profits Before and After Tax 

In thinking about the impact of the capi¬ 
tal-gains tax on venture capital and “en¬ 
trepreneurship,” it’s important to 
distinguish between three sets of actors: 
the entrepreneur; the venture capitalist, 
who is usually the general partner in a 
limited partnership; and the investor, 
whose money the venture capitalist is in¬ 
vesting. (Investors are almost always lim¬ 
ited partners and most, as already 
mentioned, are simply unaffected by the 
capital gains tax.) 

The entrepreneur. Most entrepreneurs 
have nothing to do with the capital gains 
tax. They start companies without the as¬ 
sistance of venture capitalists, and even 
when they are successful, most never reach 
the point at which they are able—or, for 
that matter, willing—to sell all or a por¬ 
tion of their companies. So they do not 
face capital gains. 

While it is difficult to generalize about 
successful high-tech entrepreneurs, one 
thing is certain: virtually all expect to be 
terribly successful and terribly rich. The 
marginal rate of tax on future capital gains 
is just not something they worry about. 
(When Steve Jobs formed Apple Compu¬ 
ter, the marginal rate on capital gains— 
then at a high of 49 percent—was plainly 
the furthest thing from his mind.) 

The American economy has become en¬ 
trepreneurial on a massive scale. More 
than half a million firms are started every 
year. But less than half of 1 percent of 
these firms are in the high-growth, high- 
profit fields that interest venture capital¬ 
ists. The rest are restaurants, small foun¬ 


dries, paper-recycling services, and other 
small businesses. 

So it is not true that the vast profits and 
wealth of a few very successful entrepre¬ 
neurs are what drive most entrepreneurs 
elsewhere in the economy. 

The venture capitalist and the investor. 
From 1970 to 1974, S367 million in new 
capital was committed to venture invest¬ 
ments. The average pretax rate of return 
on those investments was 23.4 percent. 
This means that such investments should 
eventually generate capital gains of about 
S2.6 billion over the lifetime of venture- 
capital partnerships. A study by the Gal¬ 
latin Institute estimates that the general 
partners’ share of that total capital gain 
should be some S527 million. That makes 
their average annual return on investment 
a whopping 64.5 percent. Limited part¬ 
ners, by contrast, would get an average 
annual return on investment of 21.1 per¬ 
cent—much smaller, but still impressive. 

From 1975 to 1980, when the average 
pre-tax rate of return on venture invest¬ 
ment leaped up to 32.5 percent, new cap¬ 
ital investments of nearly $1.7 billion 
should yield capital gains of about $26.6 
billion. The share going to venture capi¬ 
talists comes to a tidy $5.3 billion, for an 
annual rate of return of 77.7 percent. $ince 
1980, the pretax return on venture in¬ 
vestment has risen still higher, to around 
40 percent. These are impressive returns, 
particularly for the venture capitalist, who 
is largely investing what’s known in the 
trade as Other People’s Money. 

Do taxes wipe out these extraordinary 
profits? Hardly. 

When the general partner’s pretax an¬ 
nual rate of return on investment is 77.7 
percent, a 20 percent capital-gains tax 
produces after-tax annual returns of 73.8 
percent. A 28 percent tax brings after-tax 
returns of 72 percent. Neither tax rate sig¬ 
nificantly affects the venture capitalist’s 
rate of return. Even a 49 percent tax leaves 
venture capitalists with an after-tax an¬ 
nual return on investment of 66.2 percent. 

When returns are this high, small dif¬ 
ferences in the rate of taxation are simply 
irrelevant. 

Why, then, has there been such a hue 
and cry over Treasury’s plan to reform the 
capital gains tax? The answer is simple: 
the current tax system is a great boon for 
wealthy taxpayers. It allows most to be 
taxed at much lower rates than ordinary 
taxpayers despite much greater incomes. 

To paraphrase Scott Fitzgerald, the rich 


are different from you and me—not only 
because they have more money, but also 
because they get their money through cap¬ 
ital gains. As a result, wealthy taxpayers 
can increase their wealth more rapidly 
than ordinary taxpayers can. Why? Be¬ 
cause capital gains are taxed only when 
they are realized, and then at a special low 
rate. But unrealized capital gains still rep¬ 
resent an increase in net wealth that can 
be used to assemble even greater wealth. 

Waving the Flag of Entrepreneurship 

Along with the stepup in asset values that 
occurs when assets are bequeathed to 
one’s heirs, and the trivial estate taxes paid 
by anyone with a competent accountant, 
the capital-gains tax is a very good deal 
for the rich. $ince they don’t want to pay 
added taxes any more than anyone else, 
they are doing all that they can to scuttle 
Treasury’s reform plan. It is a clever strat¬ 
egy. Wrapping themselves in the flag of 
entrepreneurship, they argue that wealthy 
taxpayers will be “forced” to put an in¬ 
creasing share of their assets in less risky— 
and less productive—investments. 

At the same time, Washington’s “capi¬ 
tal-formation lobby”—the people who 
brought us the enormous tax breaks for 
business in 1981—have also joined the 
fray. They raise the specter of interna¬ 
tional competition, noting that neither Ja¬ 
pan nor West Germany taxes the capital 
gains resulting from most portfolio stock 
transactions. The proper response is “so 
what?” Has the absence of a capital gains 
tax stimulated the emergence of a venture- 
capital industry in either country? Has it 
created a vibrant stock market? Has it 
made young people of either country en¬ 
trepreneurial? No way. 

In a better world, where people under¬ 
stood that businesses don’t pay taxes and 
that tax-writing committees are domi¬ 
nated by special-interest PACs, we would 
tax capital gains after indexing them for 
inflation and adjusting them to reflect the 
effect of retained earnings on stock values. 
While this isn’t going to happen in the near 
future, the Treasury’s proposal is a modest 
step in the right direction. It would make 
the taxation of capital gains more equi¬ 
table and efficient. It would do nothing to 
harm the venture-capital industry, and 
would be an irrelevant consideration for 
the nation’s entrepreneurs. To say the 
least, it deserves a better reaction than it’s 
getting. 
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The Reflective Vision 


A highly advanced design tool developed at the General Motors 
Research Laboratories uses computers to generate visual images 
from mathematical data with such accuracy that, soon, 
in-depth aesthetic evaluations of new concepts may be made 
prior to creating a costly physical model 


Interactive l)i»|ilu> 



Figure I: Computer display of plan view < upper) 
and side elevation (lower), indicating automo¬ 
bile location (red), lighting selections (L1-L5), 
and viewing position (EYE). 

Figure 2: Four Autocolor images, showing the 
same view of an automobile as background and 
lighting change. 


Vl/lTH AUTOCOLOR, users 
T ▼ can synthesize three-dimen¬ 
sional, shaded images of design con¬ 
cepts on a color display and then 
quickly explore how major or minor 
changes affect the overall aesthetic 
impression. The system is com¬ 
pletely interactive. By choosing from 
a menu on the screen, the designer 
can redefine display parameters, 
select a viewing orientation, or mix 
a color. Each part of an object can 
be assigned a surface type with 
associated color and reflectance 
properties. Built-in lighting controls 
generate realistic “highlights” on 
simulated surfaces composed of dif¬ 
fering materials. 

Before developing the system, 
David Warn, a computer scientist 
at the General Motors Research 
Laboratories, observed the complex 
lighting effects achieved in the stu¬ 
dio of a professional photographer. 



By simulating these effects, Auto¬ 
color can produce results unattain¬ 
able by conventional synthetic 
image display systems. Previous 
systems used a point source model 
of light, which allows adjustments 
only in position and brightness. 

The versatility of the lighting 
controls constitutes a major advance 
in Autocolor. An unlimited number 
of light sources can be indepen¬ 
dently aimed at an object and the 
light concentration adjusted to sim¬ 
ulate spotlight and floodlight effects. 
The lighting model even includes 
the large flaps or “barndoors” found 
on studio lights. These comprehen¬ 
sive controls permit the user to view 
the simulation in studio lighting con¬ 
ditions, as well as to make revisions 
in color, paint type, and materials. 

With real lights, direction and 
concentration are produced by reflec¬ 
tors, lenses, and housings. It would 
be possible to model these compo¬ 
nents directly, but that would intro¬ 
duce considerable overhead to the 
lighting computation. Instead of 
modeling individual causes, Auto¬ 
color models the overall effect, reduc¬ 
ing complexity by simulating those 
aspects needed to produce realistic 
results. 

Autocolor approximates the 
geometric shape of an object with 
a mesh of three or four-sided poly¬ 
gons. These polygons are grouped 
to form parts. For a car body, there 
might be separate parts for the door, 
hood, roof, fender, and so on. Each 
part is assigned a surface type, such 
as painted metal or glass, and each 
type of surface has associated color 
and reflectance properties. The 
















entire data structure is stored in 
tables using an interactive relational 
data base developed at the GM 
Research Laboratories. 

T HE LIGHTING model deter¬ 
mines the intensity of the re¬ 
flected light that reaches the eye 
from a given point on the object. It 
takes into account the reflectance 
properties of the surface as well as 
the physics of light reflection. A hid¬ 
den surface algorithm determines 
which point on the object is visible 
at each point on the display. For each 
of these visible points, the inten¬ 
sity is computed for each light 
source. The displayed intensity is 
the sum of the contributions from 
all the lights plus an ambient term 
which indicates the general level of 
illumination. 

Using the point source lights 
of conventional image generation 
systems, highlighting a particular 
area of an object can be a difficult 
task and can result in unwanted 
highlights in other areas. By 
contrast, the light direction and 
concentration controls found in 
Autocolor make it possible to iso¬ 
late the effect of a light to a partic¬ 
ular area, and achieve a desired 
highlight easily and quickly (see 
Figure 2). This is not because 
Autocolor’s lighting model compu¬ 
tations are faster, but because its 
controlled “lights” behave in a more 
natural way. 

Another unique feature of 
Autocolor is the ability to portray 
realistically a variety of different 
materials and lighting conditions. 


The color seen from a surface is 
really a combination of two colors: 
the color of the surface or material 
itself (diffuse reflection) and the 
color of the reflected highlights 
(specular reflection). The highlight 
color may be the color of the mate¬ 
rial, the color of the light, or a color 
derived from the material and the 
light. 

A different highlight color can 
be used for each different surface 
type that is defined. This makes it 
possible to simulate materials such 
as plastic, painted metal, and 
chrome—each of which has differ¬ 
ent reflectance properties and re¬ 
quires a different highlight color. 

The user can interactively 
adjust the blending of the surface 
and highlight colors, watching the 
image change dynamically on the 
screen until a desired effect is 
achieved. 

“Autocolor will free designers 
to be more creative,” says researcher 
Warn. “Our goal is to move from con¬ 
trols that show changes in lighting, 
color, and materials, to software that 
will let the user change the actual 
shape, manipulating the image on 
the screen like a flexible clay model.” 
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David Warn is a Senior Staff Re¬ 
search Scientist in the Computer Sci¬ 
ence Department at the General 
Motors Research Laboratories. 

He received his undergradu¬ 
ate degree in mathematics from 
Carnegie-Mellon University, and 
his M.S. in computer science from 
Purdue. 

He has done extensive re¬ 
search in relational data man¬ 
agement systems with special 
emphasis on user interfaces and 
human factors. He also designed the 
prototype for the network data 
manager used in the GM Corporate 
Graphic System. His previous work 
on other aspects of computer-aided 
design include system design, 
file management, and simulation 
models. 

His foremost research interests 
are in color synthetic image gener¬ 
ation and interactive surface design. 
He joined General Motors in 1968. 












U.S. Geology: 
Courting a 
Crisis? 

BY CHARLES PETIT 















Fewer and fewer 

U.S. earth scientists are traveling overseas to participate 
in Third World projects. This isolationism 
threatens American for eign policy and 
commercial interests. 


A bout two years ago, a chance to gain 
scientific, diplomatic, and economic 
advantage knocked on America’s 
door. A group of Indonesians contacted the 
United States Geological Survey, seeking 
somebody to put together a modern program 
to map resources and survey local geology for 
their country as part of a project paid for by 
the Asian Development Bank. By participating 
in such a project, the United States would not 
only create goodwill and reap the direct po¬ 
litical dividends that accrue to nations that 
help out in the Third World. It would also 
make good business sense to get on board, as 
the hefty contracts for supplies and equipment 
for any new mining ventures that emerge from 
such programs tend to flow to the developed 
nations most closely involved. If the United 
States ever needed a critical resource that In¬ 
donesia could supply, the fact that this country 
had been a leader in maintaining earth sciences 
there could prove decisive. It is the sort of 
cooperative science project from which every¬ 
body benefits. 

“It was embarassing,” recalled John Reine- 
mund, who has just retired as head of the 


survey’s Office of International Geology. “We 
did not have anybody to send. ... we are al¬ 
most destitute of people with international ex¬ 
perience.” The Indonesians ultimately hired a 
Briton. 

Earlier this year an American geologist trav¬ 
eling on private funds visited old friends in 
Peru, where he had worked 20 years ago as 
part of a U.S.-supported project. In the local 
mining journal De Re Metallica he saw a fea¬ 
ture on a Japanese group that was helping the 
Peruvians develop ore deposits. Simultane¬ 
ously, he learned, a French team was at work 
in the jungles of eastern Peru mapping 2.5- 
billion-year-old continental bedrock, and a 
British group had teamed with Peruvian coun¬ 
terparts to fill in geological voids in the Andes. 

“Even the Russians were at work there,” 
the geologist said. “But where were we? I 
guess I’d say [the Peruvians’] attitude was in¬ 
credulous. They can’t imagine a country as big 
and rich as the United States having nothing 
to do with the development of such a practical 
science around the world.” 

Such stories feed the conviction among 
many American geologists, especially those 
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Geologists fear that 
the nation’s leaders will ignore 
the situation until 
a crisis h its. 
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who work with or for federal agencies, that this 
country has virtually abandoned its status of 20 
years ago as the world’s undisputed king of the geo¬ 
logical mountain. “The United States is falling far¬ 
ther and farther behind in the minds of colleagues 
in other countries,” Reinemund maintains, “and this 
is hurting our foreign policy in ways that may be 
hard to quantify, but that are real.” 

People in Reinemund’s line of work worry that 
the practical skills of finding resources will erode, 
and that the personal friendships that grease the 
wheels of the international agreements assuring raw 
materials for industry will be lost. They fear that, 
with the world metals market awash in cheap ore, 
the nation’s leadership will ignore the situation until 
a crisis hits—by which time all the easy cures will 
have gone glimmering like fool’s gold in a miner’s 
sluice. As scientists who study the earth, they fret 
that American geology will stagnate at a fundamen¬ 
tal level for lack of exposure to the whole planet. 

The reasons for America’s apparent geologic iso¬ 
lationism are as diverse as the branches of the San 
Andreas fault. Beyond the overconfidence caused by 
the glut of strategic metals, they include: restrictions 
on travel for government-funded geologists, sparked 
by a Congress jealously guarding taxpayers’ dollars; 
the fact that several federal agencies are focusing 
their missions more sharply, to the detriment of some 
areas of science such as geology; and the shift of 
funding priorities from civilian to military research 
projects. Geologists agree that the result will be more 
poorly educated members of the profession. “There 
is just no substitute for getting the feel of the land 
under your feet, and knocking off a few samples,” 
says James Skehan, a Jesuit priest who directs Boston 
College’s Weston Observatory. “The analogies be¬ 
tween processes in different parts of the world just 
don’t sink in very well if you can read only journal 
reports.” 

The most visible and official signal of distress 
comes from an 11-member task force appointed in 
1981 by the Board of Earth Sciences of the National 
Research Council in the National Academy of Sci¬ 
ences. In the final drafts of its report, completed this 
spring and due for publication in the fall, the task 
force concluded that the United States displays a 
“surprising apathy” toward maintaining vigorous 
geologic activity around the world. Compared with 


other countries such as West Germany, France, Ja¬ 
pan, the Soviet Union, and the United Kingdom, the 
panel said, the U.S. has failed to organize the geo¬ 
sciences to advance national interests, and in fact 
“has attained a subordinate position in this area dur¬ 
ing the past ten years.” 

Earth sciences are vital to the welfare of any mod¬ 
ern industrial nation, the report added. The panel 
called for overseas work to tap the technical and 
material sources of the developing countries through 
'cooperative projects,’ scientific exchanges, aid to 
their industrial firms in developing markets, and 
other indirect means. It said that the United States 
needs to awaken to the potential role of the geo¬ 
sciences in conducting foreign policy and advancing 
our economic interests overseas. 

Certainly, geology is a science that turns rocks into 
money as well as a challenging field of intellectual 
study. The same line of inquiry that reveals the forces 
that shouldered the Andes, the Himalayas, and the 
Rockies skyward can also greatly simplify the job of 
prospecting within their folded strata for the metals 
and other minerals vital to industry. The eminent 
practicality of the field is why more than half of 
America’s estimated 60,000 geologists find work 
with oil and minerals companies. Geology’s time- 
honored status as a respected arena for scholarly 
endeavor, combined in an unusually direct fashion 
with enormous practical benefits, provides a double 
source of bafflement to geologists who see their col¬ 
leagues in other advanced nations undertaking am¬ 
bitious programs in international geology. 

The Specter of Overseas Suppliers 

Geologists are certain that if U.S. leaders don’t get 
the message arid pump a little money into cooper¬ 
ative government-to-government earth-science ven¬ 
tures, American industry and economic vigor will— 
to the extent that they rely on raw materials—be at 
the mercy of overseas suppliers who owe nothing to 
the United States. Recycling and rising industrial ef¬ 
ficiency have somewhat reduced the U.S. appetite for 
new minerals. Generating a dollar of gross national 
product requires using up to 20 percent fewer min¬ 
erals than a decade ago. Still, the nation is heavily 
in need of reliable supplies from all over the world. 

“We’ve converted from a resource-self-sufficient 
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country to one dependent for most of its raw ma¬ 
terials on imports, but the fact hasn’t really sunk 
into the heads of government leaders, except in the 
case of petroleum,” says Thomas Ovenshine, who 
took over Reinemund’s USGS job earlier this year. 
“We are going to be a resource-importing country 
for a long time. What I am afraid of is that someday 
somebody is going to walk into the survey office here 
and ask what we have been doing to watch for al¬ 
ternatives to cobalt from Zaire, and we won’t have 
an answer.” 

A look at this component of heat-resistant steel 
alloys is revealing. U.S. strategy to meet possible 
shortages of “strategic” minerals such as cobalt fo¬ 
cuses on maintaining stockpiles of several years’ 
worth of material in case of emergency. The most 
recent figures^-for 1984, show the stockpile goal of 
42,700 tons oLcobalt is barely half met, and most 
other stockpiles are also below target. Furthermore, 
stockpiles can provide only a short-term buffer, at 
best, against future shortages. 

No American cobalt mines have operated for 15 
years, and some 95 percent of the 9,500 tons of 
cobalt the United States used in 1984 was imported. 
About 37 percent of American cobalt comes from 
Zaire, and another 12 percent from neighboring 
Zambia. 

Ovenshine knows about Zaire. “I can tell you it 
is scary,” he says. “They have one route to get the 
ore out, and that is along a narrow gauge railroad 
that looks like it’s made of tin plate. All the power 
comes in on a line with poles you wouldn’t use to 
hold up your TV antenna. Yet the ore is the most 
beautiful stuff in the world, basically a dolomite that 
is 5 percent copper with just a bit of cobalt. They 
make money on the copper; the cobalt is just a by¬ 
product. Yet we desperately need this one source.” 

The United States also imports 82 percent of its 
chromium, 99 percent of its manganese, 96 percent 
of its bauxite (for aluminum), and 74 percent of its 
nickel. The world is not about to run out of any of 
these materials, but as the Arab oil embargo of the 
early 1970s showed, America needs to broaden its 
base of supply as far as possible. 

The United States has “economically depleted its 
resources,” says Charles J. Johnson, an economist 
and geologist at the East-West Center on the edge 
of the lush campus of the University of Hawaii in 



Honolulu. In other words, mining cobalt here costs 
far more than buying it overseas. The overseas price 
has actually fallen by half, from about $25 to $12.50 
per pound, since 1980. The prices of other strategic 
minerals are on similar tracks, said Johnson. “What 
is going to happen is a continuing shift for mineral 
sources to other countries, and putting tariffs—like 
Band-Aids—on the problem to protect domestic 
mines ain’t gonna change that.” 

Johnson has spent a lot of time advising devel¬ 
oping nations and visits about ten countries an¬ 
nually. He is now at work helping Zimbabwe 
overhaul its resource-assessment program. He is 
among many geologists worried by heavy U.S. min¬ 
eral dependence on South Africa, whose mines sup¬ 
ply much of America’s chromium, vanadium, 
manganese, and platinum. That dependence restricts 
this country’s room for maneuver in putting political 
and economic pressure on Pretoria to change its 
apartheid policies. 

Johnson warns that cultivating alternate sources 
cannot be done casually. “We can’t just drop off a 
geologist someplace like in the old days and expect 
good science and gratitude to come back. A resource- 
development package has to include not just some 
pure geologists, but people familiar with overall de¬ 
velopment strategies that fit into the needs of the 
host countries.” 

He adds, “One problem is, let’s face it, that travel 
is fun, and many U.S. agencies frown on their em¬ 
ployees using tax money to have fun. I have visitors 
on government business afraid to go to the beach 
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worrisome problem 
faced by US. industry is the lack of maps 
describing resources around 
the world. 


because they will go home with a tan. This disap¬ 
proval of travel as frivolous misses the essential 
point: that if you want to be involved in the devel¬ 
oping world, you have to go there.” 

Points of Contention 

The picture is not by any means all bleak. The ham- 
mer-and-sample-bag bunch is still on the go, with 
university geologists generally the best off. At the 
National Science Foundation (NSF), the biggest 
source of funds for academic geologists, money for 
earth sciences has been going up a little faster than 
inflation in the past few years, with a $51.5 million 
budget requested in 1986 to follow the 1985 figure 
of $46 million. 

U.S. geologists supported by NSF grants are prob¬ 
ing the island arcs of the South Pacific, the incipient 
rifts of Antarctica, the 2.5-billion-year-old craton of 
Africa, the still-growing Tibetan plateau, and scores 
of other remote spots, typically working side-by-side 
with scientists from host nations. A new Geody¬ 
namics Program, sponsored by NASA, has drawn 
scientists from 25 nations into a cooperative effort 
to study the planet. The scientists use satellite-borne 
instruments to infer the internal structure of the 
earth, measure its magnetic and gravitational fields, 
plot the drift of continents with laser rangefinders, 
and monitor changes in rotation. 

Clarence Allen, a noted seismologist at the Cali¬ 
fornia Institute of Technology and a member of the 
National Academy task force, says that “as many or 
more Americans seem to be at foreign meetings as 
ever.” He adds that, like NASA, other agencies have 
begun important international earth-science efforts. 

However, according to James Hays, the head of 
the NSF Division of Earth Sciences, “We’re only 
doing relatively okay now because we did so badly 
in the late 60s and 70s, and a reason we did so badly 
then was that we never did receive funding that re¬ 
flected the revolutionary insights of plate tectonics. 
By its nature this subject requires extensive study all 
over the world.” Even the requested growth in this 
year’s NSF geology budget is mostly for a single 
domestic program—an ambitious project to drill a 
sample hole 10 kilometers down into the basement 
of the southern Appalachians. 

Furthermore, says Ovenshine at the USGS, “a uni¬ 


versity professor acts as an institute unto himself. 
He does research essentially to advance his own ca¬ 
reer, and he gets into and out of a country as fast 
as possible. He is not going to put together a long¬ 
term, directed program.” Oil and minerals compa¬ 
nies maintain their own exploration efforts, but such 
private programs usually focus on detailed mapping 
of known deposits and are often proprietary—results 
are not always published. 

Thus, government geologists must bear the burden 
of maintaining U.S. familiarity with overseas re¬ 
sources. As recently as the 50s and early 60s, these 
geologists roamed the world by the score, leading 
cooperative programs to map geologic features, 
identify hazards, pinpoint potential resources, and 
generally put the United States in good stead with 
foreign leaders while providing a constant update on 
global resources. At one time, the U.S. Geological 
Survey was active in 70 nations. 

While the USGS provided the workers, the State 
Department and the Agency for International De¬ 
velopment (AID), as well as other development agen¬ 
cies, usually paid for the forays of 20 and 30 years 
ago. But for the past 15 years or so, AID science 
money has been funneled almost entirely into agri¬ 
cultural and health projects; no other major funding 
source has taken its place for government earth sci¬ 
entists. “Most U.S. agencies are set up by specific 
mandate to serve our national interests, but these 
interests are defined in such narrow terms that it is 
hard to show that international science qualifies,” 
says Eugene Skolnikoff, director of M.I.T.’s Center 
for International Studies. 

U.S. Failures 

The National Academy panel, chaired by M.I.T. ge¬ 
ologist B. Clark Burchfiel, ticks off a list of specific 
U.S. failures to keep pace with other developed na¬ 
tions in maintaining both basic geologic science and 
access to needed minerals: 

□ Policy pronouncements have been made, then ig¬ 
nored. These include the National Materials and 
Mineral Policy, Research and Development Act of 
1980, which called on the president to “assess the 
opportunities for the United States to promote co¬ 
operative multilateral and bilateral agreements for 
materials development in foreign nations for the pur- 
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pose of increasing the reliability of materials supplies 
to the nation.” The panel concluded that this act has 
not, to date, had any appreciable impact on policy. 

□ Formal agreements supplemented by memoranda 
of understanding have been reached between U.S. 
agencies and foreign nations for geoscience coop¬ 
eration, including agreements by the USGS with 27 
nations. However, no money has been appropriated 
for most of these agreements, and the level of co¬ 
operative activity has therefore been minimal. 

□ U.S. leadership in remote sensing [analysis of 
earth features from satellite data] is rapidly dimin¬ 
ishing. This is partially a result of aggressive inter¬ 
national competition, but it is also due to the fact 
that the United States increasingly favors military 
use of remote sensing equipment. 

□ There is a “profound misunderstanding, even dis¬ 
trust, of international scientific ‘entanglements’ 
among some scientific program administrators and 
funding officials . . . The entire world is, indeed, the 
geologist’s laboratory. Yet today, at a time when 
geology is burgeoning with opportunities for both 
pure and applied studies, we are using that labora¬ 
tory less than we were 20 years ago.” 

□ One of the most worrisome problems faced by 
U.S. industry is the lack of available maps and in¬ 
formation describing geology and resources around 
the world. The panel noted that the Geography and 
Map Division of the Library of Congress includes 
many geologic charts among the 50,000 maps it adds 
each year to its 3.7-million-map collection. How¬ 
ever, no coordinated program exists to catalog and 
retrieve the maps efficiently—a service particularly 
needed by industry. 

George E. Ericksen, who mans a desk at the USGS 
and is nearing retirement, is one of a diminishing 
number of veterans of major foreign geologic pro¬ 
grams. He can proudly show off his Bernardo O’¬ 
Higgins medal, awarded to him with rank of knight 
commander by the government of Chile. “We went 
there with the purpose of getting the Chileans started 
in systematic geological investigation,” he recalls. 
“In 1954, there were maybe four mining engineers 
and geologists in the whole country.” Ericksen’s 
group brought in geologists from Stanford and the 
University of California at Berkeley to begin a school 
of geology at the University of Chile in Santiago, and 
to set about the task of mapping the country’s re¬ 



sources. He estimates that 75 native-born geologists 
still at work in Chile owe their start to the program. 

Like most other U.S. geologists, Ericksen thinks 
that technical-assistance programs, particularly in 
earth sciences, are still useful to both the United 
States and developing countries, but they must be 
tended constantly. Even after indigenous geology 
programs are launched in poorer countries, he says, 
“they tend to get isolated without outside help, and 
science and technology in a poor country can easily 
take a back seat to other concerns. Suddenly, a coun¬ 
try can find it is no longer capable of assessing its 
own resources.” The academy panel found a more 
practical reason for the United States to stick with 
such programs: “If we no longer maintain a signif¬ 
icant presence, our foreign competitors will have the 
market to themselves.” 

Mining, Modeling, and Ministries 

There are many reasons why the United States is so 
lackadaisical about scouting the world for minerals, 
but at the top of almost everybody’s list is the plain 
fact that the world mining industry is in a terrible 
slump; it is producing at well under capacity and 
has been for 10 years or so. American mining com¬ 
panies are in a particularly bad way. Robert C. Hor¬ 
ton, director of the Bureau of Mines, reported 
recently that more than one-third of U.S. mining 
capacity is now idle, that 7 of 13 nonferrous mining 
companies lost money in 1983, and that few firms 
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Most government 
officials see a mineral glut 
around the world and say 
‘no problem.’ 



have any plans to increase domestic production. 
From 1972 to 1984, the number of American metal 
mines fell from 599 to 485. 

Ironically, part of the reason for bad times in the 
mining business may well be the enormous rate of 
mineral discovery led by U.S. geologists in the fifties. 
“Most government officials,” says Hatten S. Yoder, 
Jr., at the Carnegie Institution, “see that there is a 
mineral glut around the world, and say ‘no problem.’ 
However, when a problem develops, it’s going to be 
pretty late to start worrying about a solution. Do 
you know how long it takes to get a site developed 
and in production? You figure you need 5 years of 
exploration and 15 to 25 years to get it going.” 

Ore prospecting is hardly the only practical reason 
geologists are anxious to travel. They also think they 
have a lot to say about geologic hazards such as 
quakes, eruptions, floods, droughts, climate shifts, 
and the growth of deserts that can have such im¬ 
mediate and often cruel effects on peoples. Even 
among geologists who think U. S. earth science is in 
pretty good shape, there is a feeling that government 
policymakers have a blind spot in this area. 

“Global habitability, that is the key, and that is 
where geologists have so much to offer,” says Kevin 
C. Burke, director of the Lunar and Planetary Insti¬ 
tute located in the Johnson Manned Space Center 
complex near Houston. “A lot of this work has fallen 
into the hands of the meteorologists and the biomass 
people, who try to model the planet’s behavior. But 
the world operates according to nonlinear processes 
that just can’t be handled by any computer model. 
However, a good quaternary geologist can look at 
the record and tell you exactly what did happen in 
the past, and that can help us with the present and 
the future.” 

For whatever reason they are there, American re¬ 
searchers are always noticed when they work in 
small and less developed nations. The effect seems 
to be magnified for geologists. “Politically, the ben¬ 
efits of cooperation in geology may have vastly more 
weight than even the direct science benefits,” says 
Farouk El-Baz, a man who sees geology from both 
a U.S. and a Third-World perspective. “Ministries 
of geology and mines and resources in smaller coun¬ 
tries are of great importance, because they are the 
money makers.” In other words, visiting geologists 
impress very important people in host nations. 


Born in Egypt, El-Baz is vice-president for science 
and technology at Itek Optical Systems in Lexington, 
Mass. He designs methods for orbiting satellites to 
map variations on the earth’s surface, and he led a 
pioneering project to map—by satellite-borne ra¬ 
dar—surface features in his native Egypt that are 
covered in sand. Nonetheless, he fears that remote 
sensing is being pushed too hard and too fast as a 
high-tech substitute for “ground truth.” “Even if you 
see something suspicious, somebody has to go out 
there with a Land Rover and see what is really 
there,” El-Baz said. “Most of what we call remote 
sensing is still experimental.” 

El-Baz also thinks the national characteristics of 
his adopted country sell well overseas. “My col¬ 
leagues are bowled over by the difference in working 
with Americans versus, for instance, Russians. When 
they ask a Russian a question, the answer is ‘yes’, 
or ‘no,’ and nothing else. The American, he is going 
to tell you everything he knows.” 

Some Institutional Solutions 

Is there a solution to the crisis? The National Acad¬ 
emy panel called in somewhat nebulous terms for 
creating an “institute for global and international 
geoscience” to act as a U.S. clearinghouse for infor¬ 
mation and policy discussion. Exactly what such an 
institute would do, and where in the U.S. govern¬ 
ment it would find a home, are left unstated. How¬ 
ever, the panel recommended that funding come 
from both industry and government, and that agen¬ 
cies with a role in the institute include the State 
Department, the Department of the Interior, the 
USGS, NASA, and the NSF. 

The panel’s report also did not put a dollar figure 
on curing the ills of U.S. geology. But Reinemund, 
the former head of the USGS international geology 
office and a member of the committee, estimates that 
$10 million per year would buy a “decent” inter¬ 
national program, and that “for $15 or $20 million 
we’d have a tremendous program.” He calls this 
amount “next to nothing” when compared with the 
current USGS budget of $600 million. 

The panel pointed to the Circum-Pacific Council 
for Energy and Mineral Resources as a potential 
model for its nebulously defined institute. The 13- 
year-old council focuses its efforts on the job of 
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bringing order out of the chaos of geological maps 
for the entire Pacific Basin. The aim is to provide a 
common set of maps—same colors, same coding, 
same scale, same projection—for this portion of the 
world. The program has completed more than half 
the 46-map series that, for the first time, will put on 
paper the dry-land and marine geology over more 
than half the globe. 

Drawing largely on information donated by pri¬ 
vate industry and minerals ministries in 35 Pacific 
countries—including the United States, Japan, Aus¬ 
tralia, and the Soviet Union—the maps contain un¬ 
precedented detail on tectonics, geology, and 
resources ranging from oil to mid-ocean metal-sul¬ 
fide deposits. “These maps are in great demand by 
the oil industry,” said project director Warren O. 
Addicott, “and they show up all the time in scientific 
presentations.” 

The council is not an official or unofficial arm of 
the United States; its head, geologist Michel T. Hal- 
bouty, stresses its international character despite the 
central role played by Americans. But the academy 
panel calls the council’s success as a forum for in¬ 
ternational earth-science cooperation a “pattern” 
for official U.S. emulation. 

Halbouty got his start in the oil business as a high- 
school waterboy in the oil fields near his hometown 
of Beaumont, Tex., and talked the president of Texas 
A&M University into loaning him $50 so he could 
register to study geology there. Perhaps because of 
this background, he has a wildcatter’s optimism that 
the United States will soon invigorate its interna¬ 
tional earth-science efforts. He has briefed the State 
Department on the Circum-Pacific Council and 
found that “they were amazed. They said that this 
council program is unique, and that it offers an un¬ 
paralleled example of how much you can get done 
through international cooperation.” 

The current budget crunch in Washington dims 
the prospects that new programs will be funded al¬ 
most to invisibility. Still, Halbouty says that “when 
everything has steadied down, I am confident that 
[Ronald Reagan] and his people are going to rec¬ 
ognize the proper role of the United States in earth 
sciences.” Geologists and other scientists are bouyed 
by a State Department program, strongly supported 
by Secretary George Schultz, to beef up contributions 
by science and technology programs to U.S. foreign 



policy. One foreign-service worker points out that 
“geology hasn’t been singled out in any discussion 
I have heard, but it would seem to be exactly the 
sort of science that is being given new emphasis. It 
is a field with obvious economic benefits, which gives 
it a real advantage with this administration.” 

The angst that runs through the U.S. geologic com¬ 
munity must be evaluated carefully. In particular, it 
is crucial to bear in mind that all geologists don’t 
share the same problems. It is clear, from the rising 
chorus of complaint, that something is amiss, but 
the ailment is not really systemic. The academic 
quest for knowledge, for instance, seems reasonably 
well-nourished by agencies such as the National Sci¬ 
ence Foundation. The main problem lies in the prac¬ 
tical side of international U.S. geology, and the need 
to keep a skilled cadre of geologists busy in coop¬ 
erative programs overseas. 

Establishing some sort of institute, with substan¬ 
tial dollar support from the industries that stand to 
benefit most from U.S. programs to help developing 
nations locate and assess resources would obviously 
help improve the situation. But Burchfiel, whose 
committee spent four years analyzing the problem, 
won’t allow himself much optimism. “I would have 
to say I am not confident that a whole lot will hap¬ 
pen. I’ve seen a lot of reports written, and most don’t 
get anywhere beyond a spot on the shelf.” 

CHARLES PETIT is science correspondent for the San Francisco Chron¬ 
icle. He recently completed an academic year as a Bush fellow in science 
journalism at M.l.T. 


TECHNOLOGY REVIEW 37 











38 JULY 1985 


ILLUSTRATIONS: KEN CONDON 








Clearing the Legal Path 
to Cooperative Research 

BY LAWRENCE }. WHITE 

M any policymakers and industrial executives have loudly 
lamented the fact that the U.S. antitrust laws seem to 
scare high-technology companies away from entering co- 
operative-research agreements with their competitors. The specter 
of liability for treble damages if found guilty of anticompetitive 
practices has plainly dampened much of the enthusiasm for such 
ventures. Even when the Justice Department decided that it would 
not challenge the best-known research consortium—the group of 
13 computer companies that banded together in 1983 to create 
the Microelectronics and Computer Technology Corp. (MCC), 
based in Austin, Tex.—such fears were scarcely quelled. 

In retrospect, however, it is clear that the legal threat to collective 
research was never as great as feared—and even that small threat 
has been considerably reduced during the past year through 
changes in Justice Department policy and an act of Congress. 
Companies that consider entering cooperative-research agreements 
can never be totally assured that they will not be sued. But a close 
look at the antitrust laws, the Justice Department’s enforcement 
of them, and the history of private suits reveals that the chances 
of a successful suit are quite small. 

The question really becomes one of how great the benefits of 
collective research are likely to be. In my opinion, such projects 
can help U.S. manufacturers achieve modest gains in productivity. 
But the claims of the early 1980s—that collective research would 
be a major key to the nation’s industrial competitiveness—will 
probably not be confirmed. 

The legal barriers 

to cooperative research among high-technology 
companies are falling steadily. 

But will such projects really 
produce large dividends? 
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Gains and Losses 


Under normal circumstan¬ 
ces, competition among 
firms in an industry pro¬ 
vides obvious social bene¬ 
fits. It can lead to lower 
prices, better service, more 
variety in quality levels, 
greater efficiency and lower 
costs in production, and 
larger output. All those ben¬ 
efits can also result from 
competition in research. 

However, under some con¬ 
ditions, cooperative re¬ 
search among a few or 
several institutions may 
provide greater social ben¬ 
efits than competition. 

One obvious benefit is the 
economy of scale that can apply in areas where no 
one firm can realistically afford to do research. In¬ 
dustry associations such as the American Egg Board, 
the American Soybean Association and Develop¬ 
ment Fund, and the National Livestock and Meat 
Board fund research efforts that, though modest, are 
beyond the capabilities of most members of their 
industries. 

Collective research can also reduce wasteful du¬ 
plication of effort. If a research goal and the path 
to it are clear, for example, all efforts apart from 
the one that reaches the goal first go for naught. 
However, this is a complex issue. Often multiple 
research projects aimed at the same goal do not en¬ 
tirely overlap; they can, perhaps inadvertently, dis¬ 
cover different things. Imagine, for example, that 
several firms are competing to discover oil. If there 
is only one pool of oil to be discovered, a single 
collective effort will likely be more efficient and less 
duplicative than a series of different drillings. But if 
multiple pools lie underground, the collective effort 
could well discover less oil and prove less efficient. 
The problem, of course, is that it is impossible to 
know beforehand how many pools exist—or how 
many good ideas can be discovered by research in a 
certain area. 

Research is an inherently risky pursuit. It may 
consume large amounts of money without achieving 
the desired results. Collective research can allow sev¬ 


eral firms to share this 
risk—a motivation that 
seems to apply especially to 
microelectronics compa¬ 
nies. Cooperative-research 
ventures can also capitalize 
on the complementary abil¬ 
ities of members’ scientific 
staffs in a way that individ¬ 
ual companies cannot. 

However, collective re¬ 
search can also stifle com¬ 
petition. It may, for 
example, provide a vehicle 
for industry members to fix 
prices illegally (though the 
firms usually have plenty of 
other opportunities to do so 
if they are so inclined). Or 
it could enable firms to 
freeze out innovative or ag¬ 
gressively competitive mavericks by raising their 
costs of doing business. 

An example of such behavior in an area related 
to research occurred three years ago. Hydrolevel 
Corp. of Farmingdale, N.Y., sued the American So¬ 
ciety of Mechanical Engineers (ASME) because one 
of its standard-setting committees had implied that 
Hydrolevcl’s boiler cutoff devices were unsafe. Hy¬ 
drolevel argued that a member firm influenced the 
ASME action because it feared competition from the 
new devices. Hydrolevel charged that by disparaging 
its devices, ASME was freezing Hydrolevel out of 
the market and thus raising its cost of selling the 
devices. Despite ASME’s defense that it could not 
be held responsible for the actions of its officers and 
that, as a nonprofit body, it could not be sued, the 
Supreme Court ruled in favor of Hydrolevel. 

A group of firms in a cooperative-research venture 
may also try to slow down the pace of technological 
change—to reduce the uncertainties from new tech¬ 
nology or to delay development of an unprofitable 
product. For example, in 1969 the Justice Depart¬ 
ment brought an antitrust suit against U.S. auto¬ 
makers, claiming that they had colluded to delay the 
development of pollution-control technology. At the 
time, emissions were not likely to be regulated until 
state and federal governments were convinced that 
the technology was available to control the emis¬ 
sions. The Justice Department charged that the auto 
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ABOUT THE COVER 


It was Feb. 2, 1957, and the 1200 
alumni gathered in Tulsa, Okla. for 
M.I.T.'s ninth regional conference 
looked on as Chief Paul Pitts (right) 
welcomed fames Killian into the 
Osage Tribal Nation. The publica¬ 
tion of Dr. Killian's memoirs (p. 
All) inspired a trip to the M.I.T. 
Museum for this photo from the 
Tulsa Tribune. 


“Hello, Nightline. This is Lisa speaking." 
" What’s the LSC movie tonight?" 


O ne night about six years ago. 
Herb Lin, '73 met a woman at a 
party. She was a staffer at Har¬ 
vard's Room 13 peer-counseling hotline 
and Lin, then a graduate student, de¬ 
cided M.I.T. could use a similar service. 
"Besides, I was doing my Ph.D. thesis 
in physics, and I needed a distraction 
from fhat," Lin said. He enlisted his 
friend Andy Adler, '79, and they began 
to plan the activity that would become 
one of the lowest-profile but most-used 
services at the Institute: Nightline. 

It had been tried before: Don Collins, 
'69, had the idea fora student-to-student 
hotline when he was an undergraduate, 
but he was unable to get support for it. 
By the late 70s, the climate had changed. 
"We wondered if anyone would show 
up for the first meeting for people in¬ 
terested in staffing, but it filled a Student 
Center lounge," Adler recalled. "They 
just came out of the woodwork," Lin 
added. 

Their friends from the Experimental 
Studies Group were the backbone of the 
group at first, said Lin. "The canonical 
staffer was an ESG member from Senior 
House or East Campus who folk danced 
occasionally." 

"Hello, Nightline, this is Brian." 

"Can you give me the number of a gay 
hotline?" 

% 

To Lin fell the task of shepherding the 
proposal through the bureaucracy. "We 
had to think about where to put the 
thing and who we were going to offend. 
For instance, one dean thought the 
deans did counseling and that was suf¬ 
ficient." Nightline tried to absorb the 
opposition by enlisting the deans to pro¬ 
vide training and support for the staff. 

Nightline also brought in guest speak¬ 
ers from the Samaritans (a suicide pre¬ 
vention organization), the M.I.T. 
chaplains, GAMIT (Gays at M.I.T.), 
Planned Parenthood, and Campus Po¬ 
lice. "We wanted professional support. 


but the blind leading the blind was def¬ 
initely part of the idea," Lin said. 

Room 13 provided a precedent for the 
structure of the hotline. Room 13 had 
two volunteers, one male and one fe¬ 
male, staying in one place from 7 a.m. 
to 7 p.m. to answer the phones, so 
Nightline did the same. Room 13 had 
about 30 staffers, each of whom worked 
twice a month, so Nightline did like¬ 
wise. 

But there was one difference: Night- 
line was designed to be an information 
resource as well. "Room 13 doesn't do 
information. They don't even have the 
newspaper," noted a staffer who has 
visited Room 13. "We wanted to keep a 
low threshold—you could call to ask 
what the LSC movie was and then ask 
other stuff. We also tried for a low 
threshold for staff—no intensive coun¬ 
seling or people who wanted to save the 
world," Lin said. 

"Hello, Nightline." 

"/ think I'm failing a class ..." 

Lin and ESG director Dean Robert Half¬ 
man, '44, scoured the Institute for a suit¬ 
able space. "In particular, we thought 
we might have drop-ins, and we didn't 
want it obvious that people were going 
to Nightline," Lin said. As it is, a turn- 
in near Ashdown, where it finally ended 
up, could be going any number of 
places." 

"Finally in March 1979, I went to Paul 
Gray, who was chancellor, with the pro¬ 
posal," said Lin. "He said, 'This thing 
looks like it's already going. What do 
you need me for?' I said, 'We need 
money.' " 

Nightline opened its doors on No¬ 
vember 1,1979, and Herb Lin went back 
to working on his thesis. "I sneaked past 
them a title page that said, 'Submitted 


DIANA BEN-AARON, IM¬ 
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(finally) in partial fulfillment of the re¬ 
quirements for the degree of Ph.D. in 
Physics.' " Lin never did serve on the 
staff, since there was in the early days 
a perception that graduate students and 
undergraduates were not peers. Night- 
line presently includes and takes calls 
from both graduates and undergradu¬ 
ates, however. 

After studying science and education 
at University of Washington and arms 
control at Cornell, Lin is now back at 
M.I.T. as a postdoc in arms control stud¬ 
ies. Adler, who majored in Course 
XXIVB—Language and Mind—is also 
working in Cambridge. 

"Hello, Nightline ." 

"My roommate is driving me crazy ..." 

What is it like to staff Nightline? Each 
staffer spends two nights a month in the 
basement of Ashdown House. The room 
looks like a basement recreation room 
where children hold slumber parties. 
Part of it is a living room, with com¬ 
fortable couches, bright posters, and 
newspapers on the coffee table. Beyond 
that, two room dividers conceal beds. 
At the back are a hot pot for making 
cocoa, a desk for studying, and an as¬ 
sortment of tired-looking armchairs, 
with a teddy bear sitting on one of them. 
"We call him Ted Koppel because peo¬ 
ple are always calling Nightline and ask¬ 


ing to speak to Ted Koppel," a staffer 
said. (Ted Koppel is a N.Y. broadcaster 
with a program called "Nightline"). 

The heart of the operation is the 
phones, both on long cords that reach 
anywhere in the room. Staffers cultivate 
the ability to wake up from a dead sleep 
to orient themselves to someone's prob¬ 
lem or find the answer to a complicated 
information question. 

Among the resources at their disposal 
are bulletin boards layered with hand¬ 
written and clipped-out information: 
"PHONE NUMBERS: Samaritans, Dean 
on Call, Psych(iatrist) on Call, Room 13, 
Pizza Pad." "Gay Community News 
Quick Gay Guide to the Boston Area." 
"Hours of Alumni Pool." There is a 
bookcase with course catalogs, phone 
books, self-help books, medical refer¬ 
ences, and a CRC Handbook of Chemistry 
and Physics. 

"Hello, Nightline." 

"7 think I might be pregnant ..." 

About 30 people a year sign up for 
Nightline interviews; the only requir- 
ment is that they be M.I.T. students and 
have been at M.I.T. for two terms. 
"That's to make sure they know their 
way around and can answer information 
questions," a staffer said. "When we in¬ 
terview them, we do role-plays—pre¬ 
tend calls, with them pretending to be 


the staffer. We look for people who are 
good listeners and can take suggestions 
themselves. We're not looking for 
skilled counselors, just for people who 
care." 

While Nightline is able to absorb more 
than half of all interested students, 
Room 13 must turn away up to 150 a 
year. Lin believes the smaller response 
is due to the reduced role of activities at 
M.I.T. "We are busier here—the macho 
image is being four weeks behind two 
days into the term, not being involved 
in extracurriculars. It's how many grad 
courses you're taking as a sophomore." 

"Hello, Nightline ." 

"So there really is a Nightline ..." 

Nightline presently gets an average of 
seven calls a night, compared to 1.9 its 
first year. This is a very good response 
rate; Room 13, serving a community of 
similar size and pressures, only gets an 
average of two calls a night. 

"When we aren't getting many calls 
and morale is low, we do a publicity 
campaign, and that seems to help," one 
of the chairman says. Last spring, for 
instance, they put up a pillar poster ask¬ 
ing "What do you think of M.I.T.'s 
Nightline?" and got these responses: 

□ "I am lucky enough to live in a close, 
supportive living group, surrounded by 
friends I can turn to or just BS with. 
Nonetheless, even I have had occasion 
to use Nightline. I can just imagine how 
great it must be for the alienated." 

□ "Nightline is OK, but they should 
have more phone books and they should 
have the schedule of Joe's Pizza Truck." 

□ "I've called it. . . don't get rid of it. 
It is maybe the one thing that helps ease 
the pressure. If this goes, what goes 
next—four-day weekends? We're under 
so much pressure sometimes we think 
we'll crack—and Nightline helps." 

□ "I am very pleased to see that Night- 
line has survived and apparently pros¬ 
pered since its inception in 1978. . . . It's 
enough to warm a cynic's heart."—Herb 
Lin, Nightline Founder 

"Hello, Nightline." 
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Meet John Deutch, 
Provost 


A deep "ha-HAH!" reverberates 
wall to wall in the du Pont tennis 
courts, and the intensity and 
pleasure in that shot are unmistakable. 
They are noteworthy dimensions of 
John Deutch, '61, a man more often cited 
for awesome intelligence in the context 
of his work with Robert McNamara in 
the Kennedy Administration, or for his 
rapid rise from newcomer to second in 
command in Jimmy Carter's Depart¬ 
ment of Energy, than his zeal for racquet 
sports. 

Later, looking at the photographer's 
contact sheets from that game, one sees 
that Deutch plays tennis with very good 
form. There are no moments when the 
camera catches him off guard. Across 
the net are his 14-year-old son and Pro¬ 
fessor John Hopfield from Caltech. 
Deutch's partner is Hopfield's daughter. 
There is no condescension to the young 
players—the serves are hard, the re¬ 
turns skim the net into tight corners. It 
is assumed that the kids will cope with 
a challenging situation . . . the M.I.T. 
experience extended to the court. 

That was a Saturday morning in May, 
almost two months before John Deutch, 
then dean of science, was to take office 
as the new provost of M.I.T. Already 
there were announcements and inter¬ 
views in various campus publications, a 
strong track record and a wide network 
of associates in academic and govern¬ 
ment circles, and any number of squash 
and tennis games pointing to the lead¬ 
ership style the Institute can expect. 

Priority: Undergraduate Experience 

The most significant of these signals 
came in February, when Deutch an¬ 
nounced two appointments designed to 
fulfill one of his first priorities: improve¬ 
ment in the undergraduate educational 
experience. 

Samuel Jay Keyser, most recently 
head of the Department of Linguistics 
and Philosophy and director of the Cen¬ 
ter for Cognitive Science, was named as¬ 
sociate provost for educational policy 
and programs; and Margaret L.A. 
MacVicar, '65, Cecil and Ida Green Pro- 



"Extremely 

intelligent.. . brutally 
blunt... open and 
accessible. 


fessor of Education, professor of phys¬ 
ical science, and director of the 
Undergraduate Research Opportunities 
Program (UROP), became M.I.T.'s first 
dean for undergraduate education. 

At the same time, Deutch announced 
his intention to place the dean for stu¬ 
dent affairs in the Office of the Associate 
Provost for Educational Policy and Pro¬ 
grams, a signal that M.I.T. recognizes 
how strongly the living environment af¬ 
fects students' educational experience. 
Also to be placed in that office, along 
with the new dean for undergraduate 
education, is the dean of the Graduate 
School, which makes possible an inte¬ 
grated overview of M.I.T.'s entire edu¬ 
cational program. 

According to a mission statement that 
accompanied Deutch’s announcement, 
the process of change will be broken into 
four stages: assessment of the education 
M.I.T. is providing now, followed by 
planning, implementing, and evaluat¬ 
ing the new programs and policies. The 
process may take as long as ten years 
and will require a commitment of re¬ 
sources to support educational innova¬ 
tion. The program is characterized as 
"one of the most important moves in the 
recent history of M.I.T." by William 


Hecht, '61, executive vice-president of 
the Alumni Association. 

Deutch always highlighted the un¬ 
dergraduate program in the lists of an¬ 
nual objectives he drafted as dean of 
science. 

"I think there is a general feeling that 
we need to strengthen undergraduate 
education; that view arises in almost all 
elements of the community," Deutch 
said in a late-winter interview. "There 
is a concern about the quality of life, 
concern about how well we have under¬ 
stood the complete education of the stu¬ 
dents in the sense of both the classroom 
experience and the experience outside 
the classroom . . . There is concern for 
the content of the subject matter which 
is presented, especially in the freshman 
year. There is a strong interest, which I 
share, in seeing that our undergradu¬ 
ates, especially those who major in sci¬ 
ence or engineering, have a more 
profound exposure to the humanities 
and social sciences," he said. 

"It's not that I enter the position of 
provost with a certainty about exactly 
what changes are necessary," Deutch 
cautioned. "But to me, it's absolutely 
clear that people are uncomfortable and 
want to be given the opportunity for 
change." 

Need to Reduce Salary Recovery 

As Deutch settles into his new post, it 
is likely that other themes from his ten¬ 
ure as dean of science will continue to 
be important: stimulating cooperation 
between the Schools of Science and En¬ 
gineering, particularly through the in¬ 
terdisciplinary laboratories; reducing 
costs that must be charged to research 
sponsors; continuing efforts to hire 
more women and minority faculty mem¬ 
bers; and strategic planning to guide the 
allocation of resources. 

Deutch is particularly pleased with 
the the School of Science's success in 
curtailing the need for junior faculty to 
raise portions of their own salaries. 
"When faculty must seek a significant 
fraction of their own salaries and re¬ 
search support, their loyalty to the in- 


A4 JULY 1985 


PHOTO: PETER MUI, '82 




- PROFILE - 

CONTINUED 


stitution and their commitment to 
undergraduate education is weakened. 
It impairs their choice of research prob¬ 
lems and the quality of life they lead," 
Deutch says. "I might add that there is 
a competitive aspect to this problem: by 
reducing the need to cover academic sa¬ 
laries through research support, we help 
ensure that the price we must charge 
sponsors for research is not significantly 
higher than that charged by the other 
private universities that are our com¬ 
petitors." 

Moving into Public Policy 

Deutch's own career has been a fruitful 
melding of science with social science. 
He attended both Amherst and M.I.T. 
as an undergraduate, under a five-year 
joint program of study, receiving in 1961 
bachelor's degrees in history and eco¬ 
nomics from Amherst and in chemical 
engineering from M.I.T. 

One result of that combination of spe¬ 
cialities has been noted by Amherst Pro¬ 
fessor Emeritus Willard Thorp. Thorp is 
a former director of the Merrill Center 
for Economics that Amherst operates in 
Southampton, N.Y., where Deutch 
spent a memorable summer after his 
junior year. Quoted in the Amherst 
alumni magazine, Thorp remembers 
Deutch as a "very brilliant student. He 
had some necessary mathematical abil¬ 
ities that were only beginning to be re¬ 
quired then." 

Deutch took his unusual background 
in economics and applied science to 
Washington in 1961, and for the next 
four years he led a double life: as one of 
the "whiz kids" in the systems-analysis 
group that brought civilian control and 
computer modeling to the Defense De¬ 
partment under McNamara and as a 
graduate student pursuing a doctorate 
in physical chemistry at M.I.T. That pat¬ 
tern—of moving readily between gov¬ 
ernment agencies and the academic 
research community—has remained a 
hallmark of Deutch's career. 

Following a post-doctoral year at the 
National Bureau of Standards, Deutch 
joined the chemistry faculty at Prince¬ 


ton. He returned to M.I.T. as associate 
professor of chemistry in 1970. He was 
head of the chemistry department by 
1977, when James Schlesinger per¬ 
suaded him to return to Washington to 
serve as the first director of energy re¬ 
search in the newly formed Department 
of Energy. Deutch quickly became act¬ 
ing assistant secretary for energy tech¬ 
nology, then undersecretary. 

Deutch was the focus of considerable 
media attention in his DOE posts. That's 
not surprising, since one of his respon¬ 
sibilities was the management of nuclear 
waste, described by an aide as "one of 
the most polarized issues in Washington 
at that time." Deutch was characterized 
as a "nuclear technocrat" by Boston 
journalist Rory O'Connor in a thought¬ 
ful article in The Real Paper, a now de¬ 
funct alternate newspaper published in 
Cambridge. O'Connor presented nu¬ 
clear power as a "technological Viet¬ 
nam," and he was not disposed to treat 
Deutch gently. 

O'Connor noted that Deutch's ap¬ 
pointment to head the energy research 
effort was acclaimed by the scientific/ 
technical community, that he had strong 
ties with industry, and that he got high 
marks from the military and intelligence 
communities. At the same time, O'Con¬ 
nor observed, Deutch was also highly 
regarded by public-interest groups such 
as the National Resources Defense 
Council and Ralph Nader's Critical Mass 
Organization. A lobbyist for the latter 
was quoted as saying that Deutch was 
"extremely intelligent and brutally 
blunt," as well as being "probably one 
of the most open, accessible officials in 
DOE." 

Deutch returned to M.I.T. in 1980, 
and two years later was named Dean of 
Science, while continuing in an advisory 
capacity with many public agencies. At 
the request of President Carter, he 
served on the Nuclear Safety Oversight 
Committee, and in 1983 President Rea¬ 
gan appointed him to the Commission 
on Strategic Forces, headed by Lt‘ Gen¬ 
eral Brent Scowcroft. 

As a chemist, Deutch is recognized as 
an authority on non-equilibrium statis- 


Margaret L.A. MacVicar and Samuel 
/ay Keyser are two of the key appoint¬ 
ments in John Deutch’s reorganization 
of the Provost's Office to put greater 
emphasis on the undergraduate pro¬ 
gram. Prof. MacVicar is M.I.T.'s first 
dean for undergraduate education. She 
is one of several deans who will be 
part of the Office of the Associate 
Provost for Educational Policy and 
programs, a post now filled by Prof. 
Keyser. 
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tical mechanics, the structure of fluids, 
dielectric and magnetic relaxation, light 
scattering, and polymer physical chem¬ 
istry. He is the author or co-author of 
more than 120 technical articles. 

No Letup in Teaching and Research 

He continues to teach and conduct re¬ 
search: "There is noway to persuade me 
to give it up," he says. Next year he will 
teach a class in modern polymer science 
jointly with Professor Ulrich Suter of 
chemical engineering, and he expects 
that both faculty members will learn as 
much as the students. 

That seems to corroborate the state¬ 
ment by former aide Kevin Gorman that 
“the remarkable thing about John 
Deutch is his ability to keep ten balls in 
the air at once." Gorman was Deutch's 
executive assistant for two years at DOE, 
where he found that his boss was also 
able to avoid the pitfalls of isolation that 
often come with rank. He describes 
Deutch as "people-oriented"—sensitive 
to the human interactions around him, 
whether they involve opposition mem¬ 
bers of Congress or his own support 
staff. “Most constituency groups at 
M.I.T. will find that they have John's 
ear," Gorman predicts. 

For all his impeccable management 
credentials, Deutch says, "I think that 
everyone knows that my style as provost 
will be to rely heavily on the deans and 
associate provosts for the execution of 
programs. That is how one does best, 
especially at a place like M.I.T., where 
ultimately our strength comes from del¬ 
egating responsibility for the manage¬ 
ment and execution of programs to an 
appropriate level." 

What else should you know about 
John Deutch? He has three sons, one at 
Amherst, one at Colby, and one in jun¬ 
ior high school in Lexington, and his 
time with them is very important. He 
has a home on Cape Cod, enjoys con¬ 
sulting for industry and visiting with 
friends in Washington. And his contin¬ 
uing ambition is to beat Gerry Wilson 
(dean of engineering) at squash.—Susan 
Lewis □ 
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ALUMNI AND THE INSTITUTE 


Women at Work: 
Battles Not Over 

T he themes were not new: the pit- 
falls of management and of tech¬ 
nical career paths, the special 
hurdles for women and other non-tra- 
ditional professionals, and the challenge 
of gaining a toe-hold in a new job. 

But they had special meaning for the 
more than 200 women who attended the 
fifth annual Career Conference held by 
the Association of M.I.T. Alumnae 
(AMITA) and the Boston chapter of the 
Society of Women Engineers (SWE). For 
some of them may well be the first of 
their sex to wield responsibility in their 
organizations. Even today, there are few 
role models and colleagues at hand. The 
AMITA/SWE conference is their major 
opportunity to share the accumulated 
wisdom of similarly educated and mo¬ 
tivated women. 

Dual Ladders Not Working 

In her studies of career paths in corpo¬ 
rations, keynote speaker Lotte Bailyn 
found “very few senior engineers who 
are still productive and happy." Pres¬ 
sured to develop deep, narrow skills, 
they grow bored, according to Bailyn, a 
professor of organizational psychology 
at the Sloan School. Companies with 
dual ladders "have to make the (tech¬ 
nical) projects more challenging as well 
as making the salaries higher," she said. 

At the same time, engineering is typ¬ 
ically seen as a mere chrysalis from 
which to emerge into management, Bai¬ 
lyn said. She suggested that engineers 
who plan careers in research and de¬ 
velopment join university or govern¬ 
ment research labs or seek academic 
posts. These are areas where "there's 
still a pull toward management, but it's 
not felt to be the only way to be a suc¬ 
cess." 

While universities usually accommo¬ 
date more diversity than do corpora¬ 
tions, women in academe are often 
merely tolerated. Some women are 



called upon to be over-visible and over¬ 
worked, while others are invisible. Stu¬ 
dents and colleagues do not see them as 
well-connected or powerful, Bailyn said, 
and the problem is complicated by af¬ 
firmative action. People think, "that's 
the only reason she's there at all." 

For those who do want to be man¬ 
agers, the key to future success is early 
promotion to the management track. 
Performance indicators like ambition 
and numbers of hours spent on the job 
assume overwhelming importance in 
the race for each promotion, Bailyn 
found. 

And who is likely to be promoted? 
"The people who were successful in the 
past," Bailyn believes, "—white males 
with traditional support systems." The 
prognosis is bleak both for women and 
for men in two-career families and ap¬ 
plies to both engineering and manage¬ 
ment: "Women now have two ladders 
they're not moving up." 

And if they do approach upper man¬ 
agement, women are still seen as poten¬ 
tial trouble makers. Several conference 
participants told of women being ad¬ 
vised to take feminist activities—even 
SWE—off their resumes. 

Starting Out On the Fast Track 

If reality is sobering for women in gen¬ 
eral and women engineers in particular, 
that just increases the pressure not to 


make a misstep, from the first day on 
the job. That was the message from a 
workshop offered by Lita Nelsen, '64 
(president of AMITA for 1984-85) and 
Christine Jansen, '63. 

"If your company thinks you are a 
winner, they will give you the most im¬ 
portant assignments, expect the best, 
predict the best, give you the most vis¬ 
ibility, and give you the most coopera¬ 
tion." In other words, they will make 
you a winner, according to Nelsen, who 
is president of University Seminar Cen¬ 
ter, and Jansen, a manufacturing man¬ 
ager at Digital Equipment Corp. 

The key to getting started as a winner 
is preserving the image you build up in 
your interviews. "You may come in as 
a winner, but once someone decides you 
'don't have the right image,' 'aren't 
good with people,' 'aren't a team 
player,' you're dead." 

Becoming a manager means a differ¬ 
ent set of image problems, Nelsen said. 
"Don't overdelegate at first. You need 
visibility early in the game." What the 
woman manager does not need is peo¬ 
ple asking whether a man is doing the 
job for her. "Another trap is, 'She's 
afraid to speak in public.' And asking 
questions, while intellectually a good 
idea, can be read as weakness in a 
woman manager," Nelsen noted. 

What if the job just isn't what you 
expected? "The technology is years be¬ 
hind what they told you; there's a hiring 
freeze and you have to do everything 
yourself; you are reporting two levels 
lower in the hierarchy than you were 
when you accepted the job. Sometimes 
they want you so much they lie about it 
all," said Nelsen. If this happens, pres¬ 
ent your complaint once or twice, and 
then start quietly looking for a new job. 

Nelsen and Jansen predict trouble in 
any job where you are expected to live 
up to your predecessor. One participant 
told of walking into a job where she was 
introduced as "Hi, this is Andrea. She's 
the new Arlene." Arlene's files took up 
every inch of space in Andrea's new of¬ 
fice. Nelsen and Jansen's advice? 
"Throw out the files, Andrea. Give 
yourself a fresh start." Diana ben-Aaron 
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AMITA and BAMIT 

are not just noise in the system, but voices 
that raise legitimate concerns of the 
under-represented. 



AA President Sees 
Minorities and 
Women as 
M.I.T. Priorities 

Mary Frances Wagley, '47, punctuated her 
year as the first woman president of the 
M.I.T. Alumni Association with an address 
to her fellow members of the Corporation. 
This speech brought together the themes of 
her tenure as president, and we print a very 
condensed version below. 

I want to do three things: first, to make 
some general comments about the 
Alumni Association; second, to share 
some observations about women at the 
Institute; and finally, to anticipate some 
concerns which affect both the Corpo¬ 
ration and the Association. 

First, the Association itself. It is well 
to remember that, collectively, we are 
relatively young. Over 50 percent of the 
M.I.T. degrees have been granted since 
1961. Three-fourths of the 6,000 M.I.T. 
women have graduated in the last two 
decades. Our relative youth has rami¬ 


fications with respect to fund-raising, re¬ 
unions, club and other activities and 
should be kept in mind when we com¬ 
pare ourselves with our chosen peer 
group—the Ivys plus Stanford. We 
should also note we are geographically 
scattered. Seven thousand alumni live 
outside the U.S.A., 8,000 reside in Cal¬ 
ifornia, and between 8,000 and 9,000 in 
the New York-Metropolitan area. 

While our 80,000 alumni include 60 
percent who earned bachelor's degrees 
at M.I.T., the picture is changing. To¬ 
day, 60 percent of the degrees awarded 
are graduate degrees. In the future, this 
will have an impact on what we can ex¬ 
pect to do with and for our alumni. 

Whatever the activities of the Asso¬ 
ciation, fund raising is always on the 
agenda. The goal of the annual fund this 
year, fiscal '85, is $10 million, but total 
gifts from alumni are about twice the 
annual fund. This apparent anomaly 
arises, partly, from the fact that the 
Alumni Fund counts only gifts from liv¬ 
ing alumni (no bequests) and records 
only gifts under $50,000, or the first 
$50,000 of larger gifts. When we com¬ 
pare our results with those of the Ivys- 
plus-Stanford in percentage of partici¬ 
pation, we rank third. We rate less well 
when it comes to size of the median gift, 
and it is our goal to raise this figure. 

I should mention here that we have 
two special purpose Alumni Associa¬ 
tions, AMITA and BAMIT. The first is 
the organization for women alumnae 
and the second is the Black Alumni of 
M.I.T. You may wonder why and if 
these are necessary. I did prior to this 
year. But I have come to see that AMITA 
and BAMIT are not just "noise in the 
system," but voices that raise legitimte 
concerns of the under-represented— 
voices which must be heeded. 

M.I.T. cannot afford to relax its efforts 
with respect to women students. It is not 
only right to offer girls the educational 
opportunties M.I.T. presents; it is prag¬ 
matic, as well. Over the next decade the 
young adult population will decline by 
more than 20 percent nationally and by 
as much as 40 percent in New England. 
M.I.T cannot afford to fish in only half 
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the pond. 

If the population of women students 
is to increase, so must the numbers of 
women in (faculty and high administra¬ 
tive) positions. If it does not, a hospit¬ 
able climate will fail to materialize and 
fewer girls will elect to come to M.I.T. 
As yet, women are under-represented 
in key positions, as you can see from the 
accompanying chart. 

When these figures begin to match the 
student figures, I think you will see 
AMITA begin to question the need for 
its own existence. I suspect the same 
may be said of BAMIT and the presence 
of minorities in key positions. 

□ A final speculation. As M.I.T. enrolls 
more and more women students and 
employs increasing numbers of women 
at faculty and administrative levels, I be¬ 
lieve that they will ask the Institute to 
pay attention to the conditions of sec¬ 
retaries, administrative assistants, lab 
technicians, etc., who are usually wom¬ 
en. Ido not imply a lack of concern now. 
The new director of personnel started 
her M.I.T. career as a secretary 12years 
ago. That's marvelous. I am saying that 
this cannot be an isolated instance any¬ 
more than my Alumni Association pres¬ 
idency can long remain unique. □ 
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Cunningham's 
Legacy Lives 

J ames Draper, '63, expected that ask¬ 
ing people to give money would be 
an ordeal. It was, however, the best 
way to establish a memorial to his old 
friend and fraternity brother, James 
Cunningham, '57. As the only member 
of the grieving assembly at JC's funeral 
in Dallas who lived in the Cambridge 
area, he was the logical leader for such 
a project. 

In the process of honoring Cunning¬ 
ham's memory. Draper discovered a 
new repertoire of skills, established a 
deep bond with fellow graduates, and 
came to know a talented student. 

Jim Cunningham's character was cen¬ 
tral to the efforts of his friends. After 
earning a first degree in geophysics, he 
stayed a fixture at the Beta Theta Phi 
house while working towards the Sc.D. 
in electrical engineering he received in 
1963. Draper remembers him as a "fa¬ 
ther confessor," who helped the 
younger brothers survive technical (and 
personal) problem sets. 

Cunningham's thesis on image trans¬ 
mission was the foundation of his first 
business venture. Electronic Image Sys¬ 
tems, Inc., a company which partici¬ 
pated in transmitting the first full-color 
earth photographs from satellites. Cun¬ 
ningham subsequently helped form IM- 
LAC Corp., Needham, Mass., before 
moving to Dallas as vice-president of en¬ 
gineering and director of product re¬ 
search for Docutel. 

Cunningham was an enthusiastic 
alumnus. He served his class as trea¬ 
surer, 15th reunion chairman, presi¬ 
dent, and fund raiser. Diagnosed as 
suffering from leukemia in 1978, he 
turned some of his attention to cancer 
support groups in the Dallas area. Ill¬ 
ness did not keep JC from his 25th re¬ 
union in 1982. 

When Cunningham died in January, 
1983, Draper and his fellow mourners 
decided that he left a legacy of excellence 
in his work as an engineer that would 
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be best vested in a scholarship. Ulti¬ 
mately, it was Draper who had to bite 
the bullet, get on the phone, and ask for 
money. "Human communication," he 
notes "is not a skill made much of in the 
M.I.T. syllabus," and he was gloomy at 
the prospect. The commitment from JC's 
family and friends and from the M.I.T. 
connections—in emotional support and 
cash—was immediate. Draper found 
that Woody Allen is right: "Eighty per¬ 
cent of success is showing up." 

Tens of thousands of dollars rolled in 
by mid-summer, including a matching 
grant of up to $50,000, and attention 
turned to dispensing the money. "There 
is at M.I.T. a catalog of scholarships 
thick enough to prop up any number of 
wobbling tables at Jake Wirth's," as 
Draper says. "In the parlance of the 
M.I.T. Enterprise Forum, what we 
sought for our new enterprise was a lim¬ 
itless market with no competition. Quite 
surprisingly, we found it in setting up 
M.I.T.'s first scholarship for women in 
engineering." 

Enter Linda Zelinka, who was chosen 


Even for successful engineers, life is en¬ 
riched by activities outside work. For 
the late Jim Cunningham, that might 
mean a hike up Chairback Mt., Maine; 
for Cunningham Scholarship recipient 
Linda Zelinka, it is often volleyball 
with friends from the AI Laboratory. 


to receive the first award in the fall of 
1983. Now a senior in Course VI-A, she 
has been an intern at General Electric in 
Schenectady since her sophomore year. 
Through UROP, she has been a pro¬ 
grammers's apprentice in the Artificial 
Intelligence Laboratory since the second 
semester of her freshman year. Zelinka 
embodied the required high standard in 
engineering, and, as a person, she's a 
donor's delight. 

"I always wanted to be here," Zelinka 
says, "but my mother was afraid that 
we could never afford M.I.T." But 
M.I.T.'s financial aid package brought 
her goal within reach. 

She considers herself "lucky," be¬ 
cause doing computer science proved to 
be just as engaging as she imagined it 
would be. And there are surprises, like 
being treated as a colleague rather than 
a "mere" student by the professionals 
at G.E., where she works on automatic 
theorem proving and programming en¬ 
vironments. 

Both the AI Lab and her floor at 
McCormick provide a steady supply of 
intramural teammates for the basketball, 
volleyball, and baseball she loves. And 
the Tech Catholic Community, Zelinka's 
spiritual home on campus, welcomed 
her creation of monthly calendars, each 
one a totally different visual design. 

Having lunch with Linda for the first 
time. Draper realized that a scholarship 
for women not only enhanced the ca¬ 
reers of the recipients, it also served the 
engineering profession. He believes that 
American industry must utilize fully the 
potential of women engineers if it is se¬ 
rious about staying competitive inter¬ 
nationally. 

He and fellow fund raisers are still at 
work. With $90,000 raised so far, and 
the base widened to include the Asso¬ 
ciation of M.I.T. Alumnae (AMITA) and 
other special supporters of women, ef¬ 
forts are well underway to establish a 
second Cunningham Scholarship in 
Aeronautics and Astronautics. 

Draper has confirmed that even as 
alumni, M.I.T.'s progeny are pushed to 
reach beyond their grasp . . . and they 
learn to like it.— Susan Lewis □ 
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Killian's Era: 

Years of Challenge 
Lived with Verve 


F or almost all of the last 60 years 
M.I.T. has been his place of work 
and focus, and always it has been 
his passion. For 32 of those years he oc¬ 
cupied the offices reserved for the In¬ 
stitute's leaders. No one else has served 
the Institute at this high level of lead¬ 
ership for so long, and no one—save 
perhaps its founder—has left a compar¬ 
able mark. 

These extravagances lie just beneath 
surface, running like a Gulf Stream un¬ 
der the memoir of James R. Killian, Jr., 
'26 —The Education of a College President — 
published by the M.I.T. Press in May. 
Above that current are Killian's accounts 
of all the events of those 60 years and 
of the people with whom he shared 
them—a chronicle reconstructed from 
memory, papers, and patient research 
and told in his graceful and abundant 
style. Unmistakably Killian. 

Almost every graduate of the Institute 
will find events in which he or she 
shared—but within them details and 
even perspective that are new and un¬ 


expected. History given new meaning, 
people transformed into legends. 

Killian came to M.I.T. to study textile 
engineering because it ran in his family. 
Three times he nearly left: once upon 
graduation, when he had offers from in¬ 
dustry, as well as from Technology Re¬ 
view; once just after World War II, when 
he could have become general manager 
of the new Atomic Energy Commission; 
and once in 1948 when offered the pres¬ 
idency of a major university in the 
southeast. He turned down the AEC job 
when he realized it would hold him pris¬ 
oner—"impaled on a moral quandrv" 
about the nation's nuclear future. And 
he turned down the university presi¬ 
dency when Karl T. Compton, to whom 
Killian was vice-president, suggested a 
rearrangement of the executive office— 
Compton as chairman of the Corpora¬ 
tion, Killian as president. 

No American university president has 
had a more dramatic inauguration—a 
convocation of world scholars with Win¬ 
ston Churchill and Harry Truman in- 


A clock that ran backward, promising 
"eternal youth," was the gift of the 
Class of 1911 to James R. Killian, Jr. 
'26, on its 50th reunion. Little did they 
know: since his retirement as chairman 
of the Corporation, Killian has been 
chiefly engaged by what he calls "the 
rapture of the backward view,” writing 
memoirs of his 60 years at M.I.T. With 
Killian at Technology Day, 1961, were 
Howard D. Williams, 'll, and Cather¬ 
ine Stratton. 


vited to be keynote speakers. (Truman 
backed out at the last minute, and Kil¬ 
lian himself called Harold Stassen, then 
president of the University of Pennsyl¬ 
vania, to take Truman's place.) Only the 
Boston Garden with 14,000 seats would 
accommodate the crowds who wanted 
to hear Churchill. Yet when Killian went 
to the Ritz Carlton to escort Churchill to 
the Garden, he found the former prime 
minister anxious for reassurance. His 
speech, he said, had been "a labor of 
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great difficulty." But confidence soon 
enough returned. By the time he 
stepped out of the Ritz elevator Church¬ 
ill had found a cigar and held aloft his 
famous "V" for victory, and in the lim¬ 
ousine there was a scramble for the 
dome light switch so that Churchill 
could be seen by crowds lining the 
streets. 

Killian's introduction to the bureau¬ 
cracy of M.I.T. came when, as editor of 
The Tech, he wrote an editorial in No¬ 
vember 1925 on M.I.T.'s then-declining 
enrollment; shortly thereafter, hired by 
Technology Review as its junior editor, 
Killian found himself moonlighting for 
the president's office, writing brochures 
to tell high school students about the 
virtues of "Boston Tech." A few years 
later he organized what is now the 
M.I.T. Press, and—as treasurer of the 
Alumni Association—he helped launch 
the'M.I.T. Alumni Fund soon after 
Compton became president. 
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The move from the Review to the Pres¬ 
ident's Office came in 1939, when Van- 
nevar Bush, '16, left the vice-presidency 
of M.I.T. to join the Carnegie Institution 
of Washington. Bush recommended Kil¬ 
lian, then 34, to be executive assistant 
to President Karl Compton. Within the 
same year Compton became a partner 
with Bush and others in organizing the 
National Defense Research Committee 
to mobilize U.S. scientific resources 
against the Nazis, and Killian found 
himself—though "still a puppy and not 
yet housebroken"—taking new respon¬ 
sibilities every day. He still remembers 
"moments of insecurity and considera¬ 
ble doubt that I was cut out for the job." 

Left "Dangling in the Breeze" 

Not to worry. He loaned money to stu¬ 
dents when they rang the doorbell of the 
President's House in the small hours of 
morning. He persuaded Alfred P. Sloan, 
Jr., '95, to buy for M.I.T. Lever Brothers' 
vacated headquarters at 50 Memorial 
Drive. He won the approval of Arch¬ 
bishop Richard Cushing for Catholic use 
of the nondenominational chapel to be 
built on the West Campus. And it all 
seemed to come with ease and grace. 

Just six days after he was inaugurated, 
Killian found his administration chal¬ 
lenged sharply and unexpectedly—"a 
hurricane of controversy"—when the 
House of Representatives Committee on 
Un-American Activities named a mem¬ 
ber of the faculty a "teacher of red rev¬ 
olution." Killian responded with a 
widely-admired statement on freedom 
of inquiry. 

There were mistakes, of course, such 
as Killian's premature announcement in 
1956 in New York that M.I.T. would 
start a School for Advanced Study. Per¬ 
haps it was a good idea, says Killian, but 
it was launched without the commit¬ 
ment of either faculty or administration, 
and the president was left "dangling in 
the breeze." 

But beside Killian's achievements for 
M.I.T. and the nation—they include a 
series of Atoms for Peace Awards, the 
idea of public television, a distinguished 
tenure as White House science advisor, 
and influential memberships on count¬ 
less commissions and boards—such er¬ 
rors and frustrations loom small. 

The late Thomas K. Sherwood, 
Sc.D.'29, whom Killian had made dean 
of engineering in 1946, said it for all of 
us when he wrote to Killian upon retir¬ 
ing: "More than any other, you are re¬ 
sponsible for making M.I.T. great."— 
John Mattill □ 
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NEWS FROM THE DEPARTMENTS 



Seeking to give undergraduates "a tac¬ 
tile knowledge of steel beyond mea¬ 
surements in the laboratory," Professor 
Samuel Allen, Ph.D.'75 (left), in the 
Department of Materials Science and 
Engineering, has turned to blacksmith- 
ing. Once students start working 
with steel, says Allen's assistant For¬ 
rest Whitcher (striped shirt), "they be¬ 
gin to think of steel as a plastic 


I CIVIL ENGINEERING 

Shih-Ying Lee, S.M/48, and Lucien A. Schmit, 
Jr., '48, were honored early last spring by election 
to the National Academy of Engineering. Lee, 
who is executive vice-president of Setra Systems, 
Inc., Acton, Mass., was cited for "original re¬ 
search on control valve stability, for innovative 
dynamic measurement instrumentation, and for 
several entrepreneurial commercializations of his 
inventions." The citation to Professor Schmit, a 
member of the engineering faculty at the Univer¬ 
sity of California, Los Angeles, was "for pioneer¬ 
ing work in structural synthesis, combining finite 
element analysis and nonlinear programming al¬ 
gorithms to create a power class of modem struc¬ 
tural design methods." 

Professor Robert V. Whitman, Sc.D.'49, is the 
first non-Califomian elected president of the 36- 
year-old Earthquake Engineering Research Insti¬ 
tute, a professional society dedicated to reducing 
earthquake hazards. Whitman, a member of the 
M.I.T. faculty since 1953, has worked in earth¬ 
quake engineering since the mid-1960s—studies 
of the dynamic properties of soils, soil-structure 
interaction, and structures' responses to earth¬ 
quake motions. 


medium instead of an inert one." An¬ 
other advantage, says Allen: "We have 
time for standing around and shooting 
the breeze while waiting for things to 
heat. It gives students a chance to hear 
what a professional does and thinks 
about." Students in the picture, helping 
make a fireplace fork, are Jonathan 
Suber, '87, and Charles Lane, '85 
(right). (Photo: Calvin Campbell) 


Kenneth R. Hoffman, S.M/77, has joined Bar¬ 
kan Construction Co., Inc., Chestnut Hill, Mass., 
as chief estimator and project manager. Hoffman 
is responsible for Barkan's construction cost esti¬ 
mating and project planning. . . . Rodney P. 
Plourde, Ph.D.'71, has been elected to the board 
of directors of Fay, Spofford and Thorndike, a 
Lexington, Mass, engineering firm. Plourde, a 
company vice-president, is also manager of the 
firm's transportation planning. Environmental As¬ 
sessment Department, and Airport Division. . . 
Mumtaz J. Shabbir, S.M/80, writes, "Working as 
a senior engineer on the seismic analysis and de¬ 
sign of a major earth and rock fill dam and hy¬ 
droelectric project—the Kalabagh Dam Project—in 
Pakistan." 

Duncan W. Wood, S.M.'76, has been appointed 
vice-president of the Water Quality Croup in An- 
derson-Nichols’ Environmental Division, Clinton, 
Mass.; he's responsible for all wastewater, solid 
waste and water resources projects. Previously he 
served as vice-president of the Water Resources 
Group. . . . Jerome B. York, S.M.'61, has been 
elected vice-president of advanced manufacturing 
operations at the Chrysler Corp., Detroit, Mich., 
responsible for advanced manufacturing plan¬ 
ning, current manufacturing planning, and manu¬ 
facturing engineering activities. . . Maurice 


Freedman, Jr., '54, a principal of Sasaki Associ¬ 
ates, Inc., Watertown, Mass., a planning and de¬ 
sign firm, has been named to the Massachusetts 
Designers Selection Board by Governor Michael S. 
Dukakis. . . . Jon Hagstrom, S.M.'65, vice-presi¬ 
dent and director of research of CB1 Industries, 
Plainfield, Ill.—an authority on shell buckling and 
dynamic analysis of structures—has been elected 
a fellow of the American Society of Mechanical 
Engineers. 

II MECHANICAL ENGINEERING 

Professor Triantaphylios R. Akylas, Ph.D.'81, has 
been honored with the M.I.T.'s Henry L. Doherty 
Professorship in Ocean Utilization for 1985. Aky¬ 
las, whose doctorate is in applied mathematics, 
will study details of the processes of shore ero¬ 
sion by ocean waves. 

William H. Heiser, Ph.D.'62, joined Aerojet 
General, Sacramento, Calif., as vice-president and 
director to organize and manage the Aeroject 
General Propulsion Research Institute. In this po¬ 
sition, Heiser will create an organization of scien¬ 
tists and engineers to study advanced rocket 
propulsion systems and will help expand the 
firms' relationships with universities and the na¬ 
tion's scientific community. Just before taking his 
new post, Heiser was made a fellow of the Amer¬ 
ican Institute of Aeronautics and Astronautics for 
his work in the field of aircraft propulsion. . . . 
Lawrence D. Blackman, S.M.'81, writes, "Find¬ 
ings from 1983 and 1984 control system optimiza¬ 
tion studies at Rockwell International (Downey, 
Calif.), have been published. ... A Transient Re¬ 
sponse Analysis Program (TRAP), written under 
contract to NASA (Houston), has been published 
in their Tech Briefs. . . . Advanced robotics and 
automation research to support the NASA Space 
Station Project is being conducted at Rockwell." 

. . . John E. Mayer, Jr., Sc.D.'60, is currently di¬ 
rector of Advanced Engineering at Kennametal, 
Inc., Latrobe, Penn. 

The General Electric Co., Lynn, Mass., has ho¬ 
nored two alumni; R. Sheldon Carpenter, 

S.M.'80, received the Aircraft Engine Business 
Group's Ed Woll Young Engineer Award—recog¬ 
nizing his innovations on GE's F404 engine; and 
Fredric Ehrich, Sc.D.'47, staff engineer, received 
the Aircraft Engine Business Group's Technical 
and Professional Societies Award recognizing his 
continuing contributions to the advancement of 
engineering education, literature, and technical 
societies. . . . Richard T. Roca, Sc.D.'72, manager 
of planning and engineering of all new switching- 
based AT&T services and products at Bell Labora¬ 
tories, Holmdel, N.J., has been elected to fellow 
of the American Society of Mechanical Engineers. 

m MATERIALS SCIENCE AND 
ENGINEERING 

The M.I.T. School of Engineering's Materials Pro¬ 
cessing Center is now under the direction of Pro¬ 
fessor Ronald M. Latanision, a specialist in 
corrosion science who directs the department's H. 
H. Uhlig Corrosion Laboratory. Stressing research 
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on the internal structures of materials from the 
macroscopic to the atomic level, the center has an 
annual research volume of over $4 million, 
roughly 50 percent of which is under industrial 
sponsorship. Latanision, at M.I.T. since 1975 fol¬ 
lowing metallurgy studies at Penn State and Ohio 
State, succeeds Ptofessor H. Kent Bowen, 
Ph.D.'71, who's now giving full attention to de¬ 
veloping a new interdisciplinary program in man¬ 
ufacturing systems. Meanwhile, Professor Bowen 
has been appointed by Lee Iacocca, chairman of 
Chrysler Corp., to be a member of Chrysler's new 
Technology Advisory Council. And Latanision 
was honored by election to the National Academy 
of Engineering, cited for research on environmen¬ 
tal effects on the chemical and mechanical proper¬ 
ties of engineered materials. 

Rodney E. Hanneman, Ph.D.'61, vice-president 
of research, development and energy resources at 
Reynolds Metals Co., Richmond, Va., has been 
appointed vice-president, corporate quality assur¬ 
ance and technology. In his new role, Hanneman 
will be the company's chief technical officer with 
responsibility for corporate research and develop¬ 
ment, engineering and quality assurance. 

Kyocera Corp. of Kyota, Japan, the world's 
largest maker of ceramic packaging for integrated 
electronic circuits, is the donor of $1 million to 
endow a professorship in ceramics science and 
engineering at M.I.T., and W. David Kingery, 

'48, has been named the first Kyocera Professor. 

A member of the faculty since 1951, Kingery is 
known for research on a variety of ceramic mate¬ 
rials and processes, and he is the author of a 
widely influential textbook. 

Maurice E. ("Bud") Shank, Sc.D.'49, director of 
engineering at Pratt and Whitney Group, United 
Technology Corp., was made a fellow of the 
American Institute of Aeronautics and Astronau¬ 
tics last spring; he was cited for his role in the de¬ 
velopment of advanced fuel-efficient commercial 
gas turbines. 

V CHEMISTRY 

Another honor for Professor Mark S. Wrighton of 
M.I.T.: the Fresinius Award Phi Lamdba Upsilon, 
the chemistry honor society, for his contributions 
as a young faculty member through both teaching 
and research. . . . Professor Dagmar Ringe, a lec¬ 
turer in the department at M.I.T. and director of 
the Chemistry Undergraduate Laboratory, is the 
recipient of the first Margaret Oakley Dayhoff 
Award given by the Biophysical Society. This an¬ 
nual award is presented to recognize a junior 
woman scientist of very high promise who has 
not yet reached a position of high recognition 
with the academic community. Ringe was recog¬ 
nized for her work on protein x-ray crystallogra¬ 
phy, done in collaboration with the research 
group of Professor Gregory Petsko. 

Daniel D. Traficante, Ph.D.'62, has joined 
Monsanto (St. Louis, Mo.) and been appointed a 
fellow in Monsanto Co.'s program which recog¬ 
nizes those individuals who make significant con¬ 
tinuing technical contributons to their specific 
disciplines. Traficante will direct the Life Sciences 
Nuclear Magnetic Resonance (NMR) Consortium, 
where he will develop new NMR applications and 
user education, and will balance the NMR needs 
of five research organizations. . . . Homer Fay, 
Ph.D.'53, reports, "I'm still in Buffalo, N.Y. with 
the Linde Division of Union Carbide. Enjoying 
sailing on Lake Erie. Son Frank is also a M.I.T. 
graduate in naval architecture." . . Jose M. Tor- 
radas, Ph.D.'82, has joined the Polymer Products 
Department at the DuPont Co., Wilmington, Del. 
as a research engineer. 

Henry N. Sachs, S.M/25, an account executive 
at the insurance firm of Kalvin-Miller Interna¬ 
tional, New York City, passed away on February 
4, 1980. During his five and a half years of service 
in the U.S. Army, Sachs rose to the rank of colo¬ 
nel and received the Legion of Merit for gallantry 
in action and a Silver Star. 


ELECTRICAL ENGINEERING 
AND COMPUTER SCIENCE 

Six alumni and faculty of the department at 
M.I.T were elected to the National Academy of 
Engineering early this year: 

□ James P. Gordon, '49, technical staff consultant 
to the Electronics Research Laboratory at AT&T 
Bell Laboratories, Holmdel, N.J., "for fundamen¬ 
tal contributions to quantum electronics, includ¬ 
ing demonstration of the first maser and of the 
information theory of optical communication 
channels." 

□ Erich P. Ippen, '62, professor of electrical engi¬ 
neering at M.I.T., "for pioneering contributions to 
nonlinear optics in optical waveguides and ul¬ 
trashort-optical-pulse-generation techniques." 

□ Robert Price, Sc.D.'53, chief scientist, M/A- 
Com Linkabit, Inc., Lexington, Mass., for "pi¬ 
oneering achievements in applying statistical com¬ 
munication theory to radio communication, radar 
astronomy, and magnetic recording." 

□ Robert C. Sprague, '23, founder, director, and 
honorary chairman of Sprague Electric Co., North 
Adams, Mass., "for inventing electronic compo¬ 
nents and for entrepreneurship in founding a ma¬ 
jor electronics company which he directed for 58 
years as president and chairman." 

□ George L. Turin, ’51, dean of engineering and 
applied science at the University of California, 

Los Angeles, "for outstanding contributions to 
communication theory and practice and for lead¬ 
ership in engineering education." 

□ Willis H. Ware, S.M '42, corporate research 
staff, Rand Corp., Santa Monica, Calif., "for pi¬ 
oneering contributions to computer technology, 
from development of machines and systems to 
operations and engineering for national security 
and civil capability." 

Andrew Lippman, '71, director of the Architec¬ 
ture Machine Group in the new M.I.T. Arts and 
Media Center, now holds the NEC Career Devel¬ 
opment Professorship of Computers and Commu¬ 
nications. Lippman was research associate in 
architecture before joining the faculty in computer 
graphics in 1980. The professorship is funded by 
a grant from NEC Corp. of Tokyo, Japan and is 
designed to promote technological and cultural 
change between the U.S. and Japan. 

Professor Richard B. Adler, '43, associate head 
of the department at M.I.T., has been honored by 
appointment to a new chair, the Distinguished 
Professorship of Electrical Engineering and Com¬ 
puter Science. After initial gifts of $300,000, the 
professorship will be funded by annual giving of 


When it came time to give Mitre Corp. 
a citation for its contribution of a 
computer-based system to help elderly 
■patients identify local eye doctors, the 
Institute of Electrical and Electronics 


at least $100,000 from its anonymous sponsors; 
gifts in excess of that amount will be applied 
toward eventual endowment of the chair. As as¬ 
sociate head since 1978, Adler has taken major re¬ 
sponsibility for development of the new 
Microsystems Technology Laboratories now being 
completed, and for a program of microsystems 
education and research that will utilize the new 
facilities. 

James L. Flanagan, Sc.D.'55, director of AT&T 
Bell Laboratories' Acoustical and Behavioral Re¬ 
search Center, is cowinner of the 1985 L. M. Er¬ 
icsson Prize for notable contributions to 
telecommunications. Flanagan and Professor Gun- 
nar Fant of the Royal Technical University, Stock¬ 
holm, who shared the award, were cited for 
"outstanding work on speech analysis and speech 
transmission." Awarded only every third year, 
the 1985 prize was given in Stockholm by the 
King of Sweden on May 6. Flanagan has worked 
in the field of speech perception, processing, and 
transmission at Bell Labs since 1957. Fant, a na¬ 
tive of Sweden, was a research associate in acous¬ 
tics at M.I.T. in 1950-51, and since then he has 
collaborated with Professor Morris Halle and the 
late Professor Roman Jakobson in work on the 
acoustics of speech production. 

William D. Couper, S.M/77, is currently senior 
scientist of new product development at the Mer¬ 
rimack Component Division of M/A-Com Omni 
Spectra, Inc., Nashua, N.H.; responsible for all 
phases of microwave connector research and de¬ 
velopment. . . . Randal E. Bryant, Ph.D/81, 
writes, "I recently joined the Computer Science 
faculty at Camegie-Mellon University as an assist¬ 
ant professor, after spending three years in a sim¬ 
ilar position at Caltech. I married Janice Rukens 
in May 1983, and we had a son, Jacob, in May 
1984." . . . Einar Greve, S.M/53, has been pro¬ 
moted from executive vice-president to president 
and CEO at Tuscon (Ariz.) Electric Power Co. . . . 
Juan Carlos Mercier, S.M/84, has joined Hewlett- 
Packard in Cupertino, Calif., and is planning to 
attend Stanford University in the fall to obtain his 
M B A. . Aldolfo Guzman, Ph.D/69, writes, 
"Effective June 1, 1 am associated with the Electri¬ 
cal Engineering Department of the Center for Re¬ 
search and Advanced Studies, a collection of 
research departments belonging to the National 
Polytechnic Institute, a large federal university in 
Mexico City. My professional interests continue to 
be image processing, pattern recognition and arti¬ 
ficial intelligence, parallel computing and distribu¬ 
ted processing, and geographic data bases." 
Professor Guzman heads the Computer Science 


Engineers called on the chairman of its 
Boston Section, Ronald E. Scott, 
Sc.D.'50 (right). Receiving the award 
for Mitre: Charles A. Zraket, S.M/53, 
executive vice-president. 
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section of his department, which recently 
launched Ph.D. and M.Sc. programs. 

Captain James L. Walker, U.S.C.G.. E E'67, is 
commander of all United States Coast Guard 
functions in Europe, primarily navigation and ma¬ 
rine safety, with headquarters in London. . . . 
Rudolph A. Schlais, Jr., S.M/65, was promoted 
(November 1, 1984) to director of engineering for 
the newly formed Fisher Guide Division of Gen¬ 
eral Motors Corp., Warren, Mich. 

Eliezer Gafni, Ph.D.'82, assistant professor in 
the Department of Computer Science at the Uni¬ 
versity of California, Los Angeles, was selected to 
receive a 1985 Presidential Young Investigator 
Award. Gafni is presently researching computer 
networks, seeking a unifying framework for in¬ 
vestigations conducted in electrical engineering 
and computer science. . . . Leonard M. Magid, 
Ph.D.'62, a solar energy consultant at PA Tech¬ 
nology, Hightstown, N.J., has been promoted to 
a principal in this Firm. Joining PA in 1974, Magid 
was responsible for creating the U.S. National 
Photovoltaic Solar Energy Conversion Program 
within the National Science Foundation, and he 
stayed with the program when it moved ulti¬ 
mately to the U.S. Department of Energy. 

VI A INTERNSHIP PROGRAM 

On April 19 VI-A completed selection of its 68th 
class. Ninety-four new students will be distribu¬ 
ted among our 22 companies. This means that 
25.5 percent of the current sophomore class in 
Course VI will be in Vl-A. The department's im¬ 
posed quota on the companies limited others of 
the 216 who applied from being accepted into the 
program. 

Bell Communications Research (Bellcore) ac¬ 
cepted its first two students this year, joining 
longtime participant AT&T Bell Laboratories. Ir¬ 
win Dorros, '56, vice-president, and Chester M. 
Day, Jr., '57 (a VI-A alumnus), district research 
manager. Exchange Network Research Division, 
were both instrumental in completing the ar¬ 
rangements for Bellcore's VI-A participation. Pro¬ 
fessor Frederic R. Morgenthaler, '55 (also a VI-A 
alumnus), will serve Bellcore as well as continu¬ 
ing as VI-A advisor at AT&T Bell Labs. Inciden¬ 
tally, Professor Morgenthaler has recently 
returned from the Far East where he gave a num¬ 
ber of invited lectures during two weeks in main¬ 
land China and then continued on to Tokyo for 
tvyo more weeks of M.I.T. business and pleasure. 

On February 21, Digital Equipment Corp. was 
represented at a reception in our Grier Confer¬ 
ence Room by a number of VI-A's: William R. 
Biderman, '78, Jeffrey M. Blacksin, '83, David E. 
Buffo, '81, Ramin Khorram, '83, James E. Man- 
dry, '81, and Donald E. Nelson, '61. 

Paul E. Braisted, '79, informs us he is now 
with Trumball Navigation, Mountain View, Calif. 

Alan M. Marcum, '78, sent us a card from 
Hong Kong, while he was on his way to Singa¬ 
pore to teach an advanced Unix seminar. . . . Mi¬ 
chael Moncavage, '82, with Schlumberger in 
Saudi Arabia, writes (while on a week's tour of 
China) that he will return to Boston in the fall to 
attend Harvard University. 

Since our previous article, a number of visitors 
have found their way to the VI-A Office: Donald 

L. Brinkley, '79, from Vienna, Va., where he is a 
research scientist with System Development 
Corp.; Leonard N. Evenchik, '77, who now has 
his own firm, Evenchik & Associates, Cambridge; 
Charles A. Freeman, '80, with Hewlett-Packard 
Laboratories, Palo Alto, who was spending some 
time in Intervale, N.H.; Steven D. Krueger, '79, 
from Texas Instruments in Dallas, who came by 
to talk over the assignments of several VI-A stu¬ 
dents in his group at T.I.'s Computer Science 
Laboratory; Robert B. Matson, '73, president of 
Financial Management, Boston, who talked with 
Director Tucker about his new firm and the work 
in which it's involved; Eduardo H. Moncada, '78, 
a process engineer with A.M.D., Austin, Tex.; 
Anthony J. Riccobono, '84, a member of the tech¬ 
nical staff at Hughes Space & Communications 


Division, El Segundo, Calif.; and Steven Swer- 
ling, '63, w'ho was on campus recruiting for Men¬ 
tor Graphics Corp., Beaverton, Ore., where he is 
a founder and vice-president, engineering. 

A reminder for anyone who may be interested 
that applications are now being received for the 
new position of associate director of the VI-A In¬ 
ternship Program. Resumes may be sent to Direc¬ 
tor Tucker.—John A. Tucker, Director, VI-A 
Internship Program, M.I.T., Room 38-473, Cam¬ 
bridge, MA 02139 


PHYSICS 

Major new honors came early this year to two 
distinguished professors emeriti of the depart¬ 
ment at M.I.T.: Professor Bruno Rossi received 
the National Medal of Science in White House 
ceremonies on February 27; and one day later 
Professor Philip M. Morse was elected to the Na¬ 
tional Academy of Engineering. Rossi, 79, who 
joined the faculty in 1946, was cited for "funda¬ 
mental contributions to physics and astronomy 
through his research into the nature and origin of 
cosmic rays"; and Morse was named "for pi¬ 
oneering and seminal contributions to the science 
and practice of operations research." 

After nearly a decade as coordinator for 

M.I.T.'s role in the McGraw-Hill Observatory at 
Kitt Park, Ariz., Jeffrey E. McClintock, Ph.D.'69. 
has been named associate director for M.I.T. of 
the observatory. He will share its management 
with representatives of the observatory's two 
other owners, the University of Michigan and 
Dartmouth. A member of the M.I.T. staff since 
completing his doctorate, McClintock is now prin¬ 
cipal research scientist in physics, specializing in 
neutron-star binary systems. 

No ordinary physicist could write it, but Rich¬ 
ard P. Feynman, '39, professor of physics at Cal¬ 
tech, fits no mold—which goes a long way to 
explain his new book, in association with Ralph 
Leighton: Surely You're Joking, Mr. Feynman! (Nor¬ 
ton, 1985, $16.95). In a prepublication review. 
Booklist described it as "delightfully stream-of-con- 
sciousness stories . . . ripe with detail and non- 
sequiturs yet always (having) a point. ... A vivid 
portrait of a lively, brilliant thinker who is intel¬ 
lectually and personally adventurous." 

X CHEMICAL ENGINEERING 

t 

Two prominent alumni of the department were 
honored by election to the National Academy of 
Engineering early this year: Paul M. Cook. '47, 
chairman and chief executive officer of Raychem 
Corp., Menlo Park, Calif., "for his pioneering re¬ 
search into the application of radiation chemistry 
to polymers and the development of innovative 
technologies in engineered materials"; and Ron¬ 
ald E. Rosensweig, Sc.D.'56, senior research asso¬ 
ciate at Exxon Research and Engineering Co., 
Annadale, N.J., "for discoveries and endeavors 
spawning high-technology applications of mag¬ 
netic fluids and ferrohydrodynamics." 

A major new honor for Ralph Landau, 

Sc.D.’41, whose name adorns the department's 
building completed in 1976: the National Medal of 
Technology, presented in February by President 
Ronald Reagan at the White House. "Under 
Ralph Landau's leadership," said the citation, 

"his company became the major world source of 
new petrochemical processes, contributing to 
about one-fourth of all new processes commercial¬ 
ized in the past 25 years. Licensing of these tech¬ 
nologies and design of plants to produce them 
have resulted in more than 400 plants in 40 coun¬ 
tries." The citation refers to the work of the Hal- 
con SD Group, Inc., of which Landau was 
founding president and chairman. He’s now vice- 
president of the National Academy of Engineer¬ 
ing, adjunct professor at the University of Penn¬ 
sylvania, consulting professor at Stanford, and 
president of Listowel, Inc., New York. 



OCEAN ENGINEERING 

Dick Kosiba, N.E/53, assumed a position as vice- 
president for quality and techology at McDermott, 
Inc., and continues living in Wintergreen, Va. 

Shashank V. Karve, O.E.'81, is an associate 
in the Marine Division at Brian Watt Associates, 
Inc., specializing in floating production systems 
for deepwater, marginal, and remote oil Helds. 

Yehuda Dror, S.M.'81, writes that as of Janu¬ 
ary 1, 1985, he became engineering manager at 
Veritas Technical Services, Houston. . . . John H. 
Sweeney, S.M.'60, reports, "I am an engineer 
and naval architect for Henry T. Hinckley Co., 
Southwest Harbor, Me., currently working on a 
new 51-foot auxiliary sailing yacht." . . Donald 
P. Courtsal, S.M.'56, retired on March 31, 1985, 
as senior vice-president of manufacturing at the 
Dravo Corp., Pittsburgh, Penn. 

Raphael Vermeir, S.M.'79, has transferred to 
Conoco's London office in the U K. Acquisitions 
Group. . . . Captain Robert W. Curtis, U.S.N., 
S.M.'42, of Arlington, Va., passed away on No¬ 
vember 27, 1984; no further details are available. 



XIV 


ECONOMICS 


David Garvin, Ph.D.'79, has been named an as¬ 
sociate professor of economics^at the Harvard 
Business School. Garvin's speciality is in quality 
management and the management of operations, 
currently interested in manufacturing strategy 
and proposals to revive America's faltering pro¬ 
ductivity and quality. He twice won the Mc- 
Kinsey Award for the best article in the Harvard 
Business Review in 1982 and 1983. . . Michael R. 
Dohan, Ph.D.'69, reports his current professional 
affiliations: director of the Social Science Labora¬ 
tory for Research and Teaching as well as associ¬ 
ate professor of economics at Queens College 
(N.Y.); senior consultant for the financial plan¬ 
ning firm of Family Financial Consultants, Inc., 
HunHngton, N.Y. . . . Richard C. Marston, 
Ph.D.'72, has co-edited Exchange Rale Theory and 
Practice, published by the University of Chicago 
Press, January 1985. 


XV 


MANAGEMENT 


David R. Zibbell, S.M.'63, is the new vice-presi¬ 
dent of finance, administration, and operations of 
Delval Manufacturing Co., Willow Grove, Penn. 
He also received certification as a CPA in October 
1983. . Bruce McFadden, S.M.'75, writes from 
Belgium, "Still finding working in Europe an 
enjoyable challenge. Doing and learning a lot. 

The family enjoys it too." . . . Paul Schaller, 
S.M.'78, reports, "1 am director of industry mar¬ 
keting for Vitalink Communications—data com¬ 
munications over satellite networks in Menlo 
Park, Calif. My wife Mary is director of marketing 
at Telebit Corp., specializing in high speed dial¬ 
up modems, and we have two children—Kristin 
(age 4) and Michael (Age 3)." 

Michael Jimenez, S.M.'77, is head of Exxon En¬ 
gineering's Economic Forecasting Group for capi¬ 
tal construction projects worldwide, Florham 
Park, N.J. . . . Robert Jarrow, Ph.D.'79, associate 
professor of finance and economics at Cornell, 
has been awarded tenure in the University's Sam¬ 
uel Johnson Graduate School of Management. 

. . Frederic G. Westendorf, S.M/64, is a pro¬ 
gram manager—business planning for large sys¬ 
tems, Europe, at the IBM Corp., White Plains, 

N.Y. 

Gregory F. Zaic, S.M.'72, has joined Vista Ven¬ 
tures, a venture capital firm in New Canaan, 
Conn. . . . Robert B. Hedges, Jr., S.M/84, writes, 
"Most happily employed at Management Analysis 
Center, Inc,, Cambridge. Other Sloan colleages 
include: Will Rodgers, S.M/68; Pierre Loewe, 
S.M/70; and Chris Nelson, S.M.'80. My work fo¬ 
cuses on corporate strategy for financial institu- 
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tions. In October 1984, I had the good fortune to 
present an original research paper on the determi¬ 
nants of bank merger and acquisition premiums 
at the fourth annual Strategic Management Soci¬ 
ety Conference in Philadelphia. 1 ran into Sloan 
professors Mel Horwitch and John Morecraft at 
the conference." . . Joseph Combs, S. M/77, has 
been promoted to product manager—program¬ 
ming software at Xerox Computer Services, Los 
Angeles. 

Alexis Falquier, S.M/67, writes, "Now direct¬ 
ing McKinskey's operations in Mexico. . . . We 
are looking into the fundamentals of establishing 
world-class competitiveness in a number of Mexi¬ 
co's industrial sectors. It's a most satisfying chal¬ 
lenge, being carried out by a top-notch 
professional staff of 20-plus, including two former 
M.I.T. graduates." . . . Thomas M. St Clair, 

S.M/58, has been promoted to vice-president, 
treasurer, and chief financial officer at Koppers 
Co., Inc., Pittsburgh, Penn. . . . Ronald J. Zlato¬ 
per, S.M/75, is currently a captain in the U.S. 
Navy and serving as the military assistant to the 
secretary of defense, Caspar Weinberger, in 
Washington, D.C. 

William M. Ryan, S.M/64, has been named 
vice-president of marketing for Aeonic Systems, 
Inc., Billerica, Mass., responsible for all sales and 
marketing activities, including advertising and su¬ 
pervision of the sales force. John H. Erdman, 
Jr., S.M/75, has been named a managing director 
of Morgan Stanley, Inc., New York City. Erdman 
joined the firm in 1975 as an associate, becoming 
a vice-president in 1980 and a principal in 1982. 

. . James Forese, S.M/59, vice-president and 
controller at IBM, Armonk, N.Y., has been 
elected to the board of trustees at Rensselaer Po¬ 
lytechnic Institute, Troy, N.Y. 

Kong-Heong Tan, S.M/71, writes, "Have been 
working in Taiwan since June 1976 and like the 
regional travel side-benefit. Unfortunately, there 
aren't that many Sloan master's program gradu¬ 
ates around to make life that much more interest¬ 
ing. Robert Mao, S.M/72, of IT&T, Taiwan, is 
one that I see now . . . that we have become 
neighbors ... at our seaside hideaways near 
Tapei. Contact me if any Sloan alumni needs as¬ 
sistance while doing business in Taiwan." . . . Jay 
Petschek, S.M/82, writes, "I recently joined the 
investment banking firm of Landenburg, Thal- 
mann and Co., New York City. My new responsi¬ 
bilities revolve around investment management, 
venture capital, and corporate finance. If anyone 
wishes to have lunch, I am still located mid¬ 
town." 

Stanley Zalkind, S.M/64, resigned last October 
as president and CEO of Electro Audio Dynamics, 
Inc., Great Neck, N.Y. . . . Henry Barg, S.M/73, 
director of corporate relations at Boston Univer¬ 
sity, has been promoted to director of develop¬ 
ment, responsible for the development activities 
of many of the university's schools and colleges 
as part a five-year, $200 million campaign. 

Fourteen essays based on the Sloan School's 
three-year study of industrial relations in transi¬ 
tion have been published under the title of Chal¬ 
lenges and Choices Facing American Labor (M.I.T. 
Press, 1985). Professor Thomas A. Kochan was 
editor for the project, and contributions include 
Professors Harry C. Katz and Robert B. McKersie 
of the Sloan School, E. David Wangner, Sloan 
School lecturer; and Professors Henry S. Farber 
and Michael J. Piore of the Department of Eco¬ 
nomics. 


SLOAN FELLOWS 

Two Sloan Fellows are among new*members of 
the National Academy of Engineering chosen 
early this year: Philip M. Condit, S.M/75, vice- 
president for marketing and sales of Boeing Com¬ 
mercial Airplane Co., Seattle, dted "for important 
personal contributions and exceptional technical 
leadership in the design and advancement of 
commerical jet transport aircraft"; and Howard H. 
Kehrl, S.M/60, vice-chairman of the board of 


General Motors Corp., for "outstanding contribu¬ 
tions to the advancement of automotive science 
and engineering." Condit was also made a fellow 
of the American Institute of Aeronautics and 
Astronautics early last spring, cited for his contri¬ 
butions to the development and production of the 
Boeing 757 transport. 

Kenneth F. Holtby, S.M/62, senior vice-presi¬ 
dent of the Boeing Co., Seattle, Wash., has been 
named a member of the Technology Advisory 
Council of the Chrysler Corp. . . . Two promo¬ 
tions have been made within the U.S. Postal Ser¬ 
vice, Washington, D.C.; Jerry K. Lee, Sr., 

S.M/82, from assistant postmaster general, De¬ 
partment of the Controller, to senior assistant 
postmaster general for the Postal Service's Re¬ 
search and Management Systems Group; and 
William R. Cummings, S.M/80, from assistant 
postmaster general for planning to senior assist¬ 
ant postmaster general. Finance Group, and chief 
financial officer. . . James E. Landers, S^4.'67, 
vice-president of human resources at Conoco, Du 
Pont's wholly-owned energy subsidiary, Wilming¬ 
ton, Del., has been promoted to vice-president of 
employee relations for Du Pont; he will retain re¬ 
sponsibility for Conoco human resources. 

MANAGEMENT OF TECHNOLOGY 
PROGRAM 

Charles A. Berry, S.M/83, has published a paper 
with Professor Edward Roberts in November on 
"Entering New Businesses: Selecting Strategies 
for Success." Charles has been traveling to the 
West Coast frequently this year, working on an 
aquisition of a small California company—Ad¬ 
vanced Kinetics—for Pilkington (U.K.) and met 
up with Julian Nikolchev, S.M/83, and John 
Harrison, S.M/83, in February in San Francisco. 
Julian continues with SRI International there, and 
John was in San Francisco on a special six-week 
assignment for his company, Parsons Brinckerhoff 
Quade and Douglas. Julian called Jane Morse in 
February to tell her about the "reunion" and to 
report he and Betsy had a vacation trip planned 
in Europe at the end of March. Their little girl, 
Alexandria, is now two, and Julian says she's 
very talkative. 

Exciting news has come in from Glasgow from 
Charles Bow, S.M/84: he became engaged in 
April and wedding plans are set for July. His fi¬ 
ancee, Alison Smith, is an ophthamologist work¬ 
ing about 80 miles from Charles. At the time of 
this writing she was beginning to search for a 
new position in the Glasgow area. Though 
Charles explained over the phone his head was in 
the clouds and he hadn't been able to think about 
work much lately, he did admit there were 
changes going on at Barr & Stroud and its divi¬ 
sion at Pilkington, with the potential for several 
exciting new possibilities for him. 

Jane Morse met Kenneth W. Miller, S.M/82, in 
Orlando, Fla., on March 1 at the Sloan Fellows 
convocation there. (Management of Technology 
Program graduates and all Sloan School alumnPae 
were invited to attend. It was an excellent day of 
activity run by Professors Edward Roberts and 
Thomas Allen on the topic of the Management of 
Technology.) Ken is now in Tarrytown, N.Y., 
having been recently promoted at Duracell. He 
still has a commuter marriage until May, how¬ 
ever, as Joan won't finish her Executive M.B.A. 
program until then. By this summer, they hope to 
be settled in the Connecticut area.—Jane Morse, 
Program Manager, M.I.T., Room E52-125, M.I.T., 
Cambridge, MA 02139 

VT/T AERONAUTICS AND 
>V V 1 ASTRONAUTICS 

Membership in the National Academy of Engi¬ 
neering was voted three alumni and members of 
the department early this year: 

□ Donald C. Fraser, '62, vice-president—techni¬ 
cal operations, Charles Stark Draper Laboratory, 


Inc., "for unique engineering contributions that 
brought digital control technology to practice and 
are leading to fault-tolerance systems in the fu¬ 
ture." 

□ Shan-Fu Shen, Sc. D/49, John Edson Sweet 
Professor of Engineering at Cornell University, 
"for fundamental contributions to aerodynamics 
and non-Newtonian fluid mechanics." 

Cl Sheila E. Widnall, '60, professor in the depart¬ 
ment at M.I.T., "for fundamental contributions to 
the fluid mechanics of rotary and fixed-wing air¬ 
craft, and for outstanding service to engineering 
education and to the profession of engineering." 

Five alumni of the department were named fel¬ 
lows of the American Institute of Aeronautics and 
Astronautics during AlAA's annual meeting last 
spring: 

□ Arthur Gelb, Sc.D.'61, president of Analytical 
Sciences Corp., Reading, Mass., "for contribu¬ 
tions to the application of modem control and es¬ 
timation theory to integrated navigation and 
guidance systems ..." 

D Mark E. Kirchner, '48, director of engineering 
at Boeing Commercial Airplane Co., for "original 
contributions to higher standards of stafety, excel¬ 
lent handling qualities, and accuracy in perform¬ 
ance prediction in commercial transports." 

□ William C. Schneider, '49, vice-president of 
Computer Sciences Corp., Falls Church, Va., "for 
dynamic leadership of space technology and de¬ 
velopment for over two decades ..." 

□ Jason L. Speyer, '60, Harry H. Power Professor 
of Engineering at the University of Texas, Austin, 
"for contributions to deterministic and stochastic 
optimal control theory and applications to aero¬ 
space problems." 

□ Shiela E. Widnall, '60, for "unique and funda¬ 
mental contributions to fluid mechanics of aircraft 

John E. Draim, S.M/69, writes, "I recently was 
promoted to principal aerospace engineer at An- 
ser, Inc., Arlington, Va. Have published an AIAA 
paper describing probably the first four-satellite 
constellation yielding continuous, global cover¬ 
age. Previously, it had been thought that continu¬ 
ous global coverage required five satellites." 

Edwin N. Myers, S.M/61, is a consultant for 
the Institute for Defense Analysis; a member of 
the U.S. delegation to CoCom (Paris); and a 
member of the Department of Commerce Techni¬ 
cal Advisory Committees on Instrumentation and 
Semiconductors. . Charles L. Wilson, S.M.'63> 
writes, "For the last three years I have been oper¬ 
ating out of Lausanne, Switzerland, as director of 
European operations for Weidlinger Associates, 
consulting engineers of New York City. Have just 
opened a Weidlinger office in Brussels, Belgium." 

Kenneth R. Britting, Sc. D/71, a mechanical en¬ 
gineer at the Northrup Corp., Norwood, Mass., 
passed away unexpectedly on February 18, 1985. 
Britting specialized in navigation equipment and 
had worked in R&D at Northrup since 1977. He 
was author of the college textbook. Inertial Naviga¬ 
tion Systems Analysis, and a member of several 
professional societies. 

TECHNOLOGY AND POLICY PROGRAM 

Jonathan Weiss, S.M/78, has accepted a new po¬ 
sition as a systems analyst with TEM Associates, 
Washington, D.C. . . . Leslie Klein, S.M/83, has 
recently become a member of the technical staff of 
the Digital Terminal Systems, Bell Laboratories, 
Holmdale, N.J. 

Tapio Kuusinen, S.M/79, has joined the Regu¬ 
latory Reform Staff of the EPA Policy Office in 
Washington, D.C., where he is working on recy¬ 
cling incentives for the agency's hazardous waste 
effort. Richard Thomas, S.M/79, has co¬ 
founded a new consulting company—Epsilon In¬ 
ternational—which will focus on engineering, 
planning, and policy problems, primarily in 
southern Europe, the mid-East, and southern 
Asia.—Richard de Neufville, Chairman, Technol¬ 
ogy and Policy Program, M.I.T., Room 1-138, 
Cambridge, MA 02139 
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OBITUARIES 



R. L. Bisplinghoff 


Raymond L. Bisplinghoff, 1917-1985 

R aymond L. Bisplinghoff, who was 
a member of the M.I.T. faculty 
from 1946 until 1970 and for much 
of his career an important figure in U.S. 
science and technology policy, died on 
March 5; he was 68. 

Bisplinghoff joined the Department of 
Aeronautics and Astronautics four years 
after receiving his master's degree from 
the University ot Cincinnati and 
promptly took charge of research and 
teaching in flight vehicle structures. 
Later he served as director of the Aeroe- 
lastic and Structures Research Labora¬ 
tory and chairman of the department's 
Aerospace Research Division. 

Returning from a four-year leave of 
absence to serve as NASA's associate 
administrator, Bisplinghoff was made 
head of the Department of Aeronautics 
and Astronautics in 1966, and two years 
later was appointed dean of the School 
of Engineering. In 1970, Bisplinghoff be¬ 
came deputy director of the National 
Science Foundation and in 1974 chan¬ 
cellor of the University of Missouri at 
Rolla. 

Bisplinghoff was president of the 
American Institute of Aeronautics and 
Astronautics in 1966, and he held 
AIAA's 1958 Sylvanus Reed Award for 
developing ways to calculate aircraft 
loads and stresses during maneuvers. 
He held honorary degrees from his alma 
mater and Case Institute of Technology. 

William W. Buechner, 1915-1985 

W illiam W. Buechner, '35, pro¬ 
fessor emeritus of physics who 
was chairman of the depart¬ 
ment from 1961 to 1967, died on March 
12 in Cambridge, after a brief illness. He 
was 70. 

Professor Buechner came to the Insti¬ 
tute as an undergraduate from Vallejo, 
Calif., in 1931, and he spent his entire 
career at M.I.T. As a graduate student 
(Ph.D. 1939) he became director of the 
Van De Graaff electrostatic generator that 




J. G. Trump 


W. W. Buechner 


G. E. Nealand 


was moved to the campus from the 
Round Hill, Mass., estate of Colonel E. 
H. R. Green. Later—as a member of the 
faculty—he collaborated with the late 
Professor Robert J. Van de Graaff in 
building other high-voltage generators, 
including the so-called "ONR Genera¬ 
tor" in Building 58. 

Well known in the international phys¬ 
ics community, Professor Buechner held 
visiting professorships at the National 
University of Mexico (where he was 
awarded an honorary doctorate and the 
title of professor extraodinario). Catholic 
University in Rio de Janeiro, and a num¬ 
ber of institutions in India. He held the 
Charles B. Dudley gold medal of the 
American Society for Testing Materials, 
and in 1946 he received the Naval Ord¬ 
nance Development Award for war-time 
contributions as director of the M.I.T. 
High-Voltage Laboratory. 

G. Edward Nealand, 1912-1985 

G . Edward Nealand, '32, retired di¬ 
rector of purchasing, died on 
March 19 following an accident in 
his home in Sarasota; Fla. He was 73. 

Regarded as one of the deans of col¬ 
lege purchasing, Nealand was the ar¬ 
chitect of M.I.T.'s first central pur¬ 
chasing system shortly after becoming 
director of purchasing in 1955. In 1961, 
he went to Afghanistan, where he was 
responsible for writing the specifications 
for equipping the science buildings for 
the newly-established University of 
Kabul. 

Nealand had held major posts in the 
National Association of Educational 
Buyers before retiring from M.I.T. in 
1975, and at that time he was made an 
honorary life member of NAEB. 

Active in alumni affairs, Nealand was 
awarded the Lobdell Distinguished Ser¬ 
vice Award of the Alumni Association. 
He had been in charge of arrangements 
for his class' 40th, 45th, and 50th re¬ 
unions and at the time of his death was 
vice-president of the M.I.T. Club of 
Cape Cod. 


John G. Trump, 1908-1985: 

Pioneer in High Voltages 

J ohn G. Trump, Sc.D.'33, a pioneer in 
the generation and use of high-volt¬ 
age energy who was a member of the 
M.I.T. faculty from 1936 until retirement 
in 1980, died at his home in Winchester, 
Mass., on February 21; he was 77. 

Trump was founder and long-time 
head of the M.I.T. High-Voltage Re¬ 
search Laboratory, and he was also 
founder of High Voltage Engineering 
Corp. of Burlington, Mass. Shortly be¬ 
fore his death he had been honored by 
Lahey Clinic when his name was given 
to its radiation therapy facility; Trump 
had a long-time collaboration with the 
clinic in using radiation for cancer ther- 
apy. 

In addition to this work. Trump and 
his associates were identified with the 
development of new materials to with¬ 
stand high electrical stress, machines for 
generating high electrical voltages, and 
various industrial uses of high-voltage 
discharges. At the time of his death. 
Trump was engaged in applying elec¬ 
tron beam radiation to disinfect sewage 
sludge. If successful, this technique can 
make sewage safe for use as fertilizer or 
for land fill. 

Trump came to M.I.T. in 1932 to work 
with Professor Robert J. Van de Graaff, 
whose name is given to the high-voltage 
generating machines upon which most 
of Trump's later work was based. His 
association with Lahey Clinic continued 
after retirement from M.I.T., and he had 
been chairman of Lahey's Board of 
Trustees since 1974. 

Widely recognized for his varied tech¬ 
nical contributions. Trump held the gold 
medal (1982) of the American College of 
Radiology, of which he was an honorary 
fellow; both honors are notable because 
Dr. Trump was not trained as a physi¬ 
cian. Other awards included the Na¬ 
tional Medal of Science (1983), the 
Lamme Medal of IEEE (1960), and the 
Public Service Award of the New En¬ 
gland Roentgen Ray Society. 
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Robert Woods Kennedy, 1912-1985 

A rchitect Robert Woods Kennedy, 
who taught at M.I.T. for eight 
years beginning in 1944, died in 
Cambridge on January 28. He was one 
of the team that designed 100 Memorial 
Drive, an innovative skip-floor apart¬ 
ment plan, in the early 1950s. Since then 
he had maintained a private architec¬ 
tural practice in Cambridge. 

Thomas F. McNulty, 1920-1985 

T homas F. McNulty, M.Arch.'49, 
who had been a member of the 
M.I.T. faculty from 1949 until .en¬ 
tering private architectural practice in 
1956, died unexpectedly of cardiac arrest 
in Boston on March 3; he was 65. 

McNulty had worked on plans for the 
Brookline Farm Site, the Lincoln-Wal- 
tham Housing Committee, a Reintegra¬ 
tion Center at the Norfolk Correctional 
Institution, and many others; perhaps 
his most famous design was that of his 
own former residence on Beaver Pond, 
Lincoln, Mass. At the time of his death 
McNulty had just completed a six-year 
appointment as professor of architecture 
at the University of Petroleum and Min¬ 
erals, Dhahran, Saudi Arabia. 

Rev. Myron Bloy, 1927-1985 

R everend Myron B. Bloy, Jr., who 
served as the first Episcopal chap¬ 
lain in the M.I.T. Chapel from 
1958 to 1966, died on January 27; he was 
58. Bloy left M.I.T. to take the pulpit of 
the Episcopal church in Princeton, N.J., 
where he resided at the time of his 
death. 

Ezio Tarantelli, 1942-1985 

A victim of terrorists, Ezio Taran¬ 
telli, president of the Christian 
Democratic labor union and lec¬ 
turer in political economy at Rome Uni¬ 
versity, was murdered in Rome on 
March 27; he was 43. A student and col¬ 
league of Institute Professor Franco Mo¬ 
digliani (Sloan School of Management), 
Tarantelli had served for two years 
(1974-75 and 1979-80) as visiting profes¬ 
sor at the Sloan School. 

Randall G. Chipperfield, 1959-1985 

R andall G. Chipperfield, a graduate 
student in biology, died as a result 
of falling through the ice of the 
Charles River on February 21; he was 
26. 

Chipperfield was crossing the river 
near the Longfellow Bridge in the late 
evening when the accident occurred; he 
was pulled from the water by police but 


later died in Massachusetts General 
Hospital from hypothermia. 

A native of Calgary, Chipperfield 
came to M.I.T. from the University of 
Alberta in 1980. He had completed vir¬ 
tually all the requirements for a Ph.D. 
in biology with Professor Robert A. 
Weinberg of the Biology Department 
and the Whitehead Institute and had 
been accepted for postdoctoral work at 
Columbia beginning next fall. His thesis 
research was on a protein-caused trans¬ 
formation of a normal cell into a malig¬ 
nant counterpart—important work that 
was highly regarded by his teachers and 
colleagues. 


Deceased 

The following deaths have been reported to the 
Alumni Association since the Review's last deadline: 

Ralph J. Karch, '07; 1979. 

Ralph E. Hyde, '12; January 25, 1985; Taunton, 
Mass. 

George D. Anderson, 16; February 1985; Fremont, 
Calif. 

Tredick K. Hine, '16; July 16, 1984; Huntington 
Woods, Mich. 

Ralph H. Mills, '16; March 21, 1985; Summerland 
Key, Fla. 

Silvio Zanetti, '16; 1976; Cambridge, Mass. 

James W. O'Brien, '18; June 9, 1975. 

John C. Barker, '20; January 28, 1985; Portland, 
Maine. 

Joel A. Goldthwait, '20; February 1985; Medfield, 
Mass. 

Chas A. Keener, '20; August 22, 1984; Champaign, 
Ill. 

Joseph R. Mahan, 20; June 6, 1984; Perrysburg, 
Ohio. 

Glenn E. Fargo, '21; February 25, 1985; St. Peters- 
berg Beach, Fla. 

Alfred H. Fletcher, '21; November 8, 1985; New¬ 
town, Penn. 

Mrs. Rupert M. Hanny, '21; October 1983; Chapel 
Hill, N.C. 

Edward I. Mandell, '21; 1985; Miami, Fla. 

Joseph M. Cosgrove, '22; 1985; Inverness, Ill. 
Arthur H. Fischer, '22; December 3, 1984; New 
York, N Y. 

Spencer H. Lane, '22; 1985; Saint Paul, Minn. 
Seward W. Livermore, '22; 1985; Washington, D.C. 
Alan R. Allen, '23; March 1985; New York, N Y. 
Kent T. Healy, '23; January 9, 1985; Killingworth, 
Conn. 

Robert H. Kean, '23; Alexandria, Va. 

Oswin W. Lowry, '23; February 12, 1985; Holland, 
Mich 

Mrs. Maurice T. Crowell, '24; April 1984; Milwau¬ 
kee, Wise. 

Mrs. Osborne H. Davol, '24; December 14, 1984. 
John Earl Frazier, '24; January 1,1985; Washington, 
Penn. 

Birger Richard Headstrom, '24; February 8, 1985; 
Aiken, S.C. 

Edison A. Lynn, '24; 1985; Dahlonega, Ga. 

David A. Meeker, '24; February 22, 1985; Troy, 
Ohio. 

Luang Videt-Yontrakich, '24; 1985; Bethesda, Md. 
William M. Walterskirchen, '24; December 15, 
1984; Missoula, Mont. 

Howard E. Whitaker, '24; October 11, 1984; Chil- 
licothe, Ohio. 

Theodore W. Franks, '25; June 1984; Chicago, Ill. 
Charles J. Kinsolving III, '25; March 14,1984; Santa 
Fe, N.M. 

Claus F. Kirsch, '25; December 8, 1984; Arcadia, 
Calif. 

Henry N. Sachs, '25; February 4, 1985; New York, 
N.Y. 
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Ralph E. Brown, '26; December 24, 2984; Fairless 
Hills, Penn. 

Robert H. Clarke, '26; November 4, 1985; Dayton, 
Ohio. 

Thomas J. Eaton, '26; April 17, 1984; Tucson, Ariz. 
William M. Smith, '26; 1985; West Hollywood, Fla. 
Mrs. William Wraith, Jr., '26; 1983; Tucson, Ariz. 
William T. Corey, '27; December 30, 1983; Garden 
City, N.Y. 

Frederick J. Hooven, '27; February 5, 1985; Nor¬ 
wich, Vt. 

Roger M. Pierce, Sr., '27; January 10, 1985; West 
Brookfield, Mass. 

Charles M. Anderson, '28; December 1984; Gloster, 
Miss. 

Albert E. Beitzell, 28; February 3, 1985; Bangor, 
Maine. 

Harold A. Harrington, '28; July 16, 1984; Cam¬ 
bridge, Mass. 

Albert H. Shedd, '28; 1985; Molalla, Ore. 

Richard S. Smith, '28; September 24, 1984; Sacra¬ 
mento, Calif. 

Marshall H. Fay, '29; February 8, 1985; Port Wash¬ 
ington, N.Y. 

Harold H. Theiss, '29; 1983. 

Edward D. Thomas, '29; February 1, 1985; Foxboro, 
Mass. 

Claude C. Cash, '30; July 25, 1984; Hohokus, N.J. 
Richard B. Ellis, '30; March 5, 1985; Athol, Mass. 
John C. Larkin, '30; February 3, 1985. 

Fred L. Markham, '30; 1985; Provo, Utah. 

William Wallace McDowell, '30; March 2,1985; Na¬ 
ples, Fla. 

Myron T. Smith, '30; February 18, 1985; South 
Casco, Maine. 

William, E. Yelland, '30; January 27, 1985; South- 
borough, Mass. 

Paul A. Davis, '31; December 1, 1983; Vero Beach, 
Fla. 

Herman H. Ferre, '31; February 1985; Ponce, P.R. 
Robert M. Kelly, '31; January 30, 1985; Orleans, 
Mass. 

Manuel Schivek, '31; July 31, 1984; Randolph, 
Mass. 

Charles R. Wood, '31; September 9, 1984; Kennett 
Sq., Penn. 

Earl F. Anderton, '32; November 27, 1984; Bellevue, 
Wash. 

Mrs. Amy V. Higgins, Jr., '32; 1982. 

G. Edward Nealand, '32; March 19,1985; Sandwich, 
Mass. 

George W. Palmer, '32; December 20, 1984; Fal¬ 
mouth Foreside, Maine. 

Sterling N. Slockbower, '32; 1985; South Plainfield, 
N.J. 

Walter R. Duncan, '33; January 20,1985; Rosemont, 
Penn. 

Henry E. Kiley, '33; September 1984; Chatham, N.J. 
Harold H. Okasaki, '33; 1984; Gardena, Calif. 

John G. Trump, '33; February 21,1985; Winchester, 
Mass. 

Arthur E. Byerlein, '34; 1982; Tucson, Ariz. 

Robert M. Elliott, '34, December 14,1984; Norwich, 
Conn. 

David L. Foulkes, '34; January 23, 1985; Oakland, 
Calif. 

Alton C. Garland, '34; January 1, 1985; Sandwich, 
Mass. 

Horace A. Giddings, '34; December 11, 1984; Day¬ 
tona Beach, Fla. 

James R. Higgins, '34; October 18, 1984; Kansas 
City, Mo. 

William W. Buechner, '35; March 12, 1985; Arling¬ 
ton, Mass. 

George R. Bull, Jr., '35; December 9, 1984; Wayne, 
Penn. 

Luis A. Dastas, '35; 1985; Miami, Fla. 

Richard K. Anderson, '36; 1985; Sumter, S.C. 
Charles L. Austin, '36; 1984; Sun City, Ariz. 
William Fingerle, Jr., '36; December 6, 1984; Old 
Greenwich, Conn. 

Carlyle W. Jacob, '36; February 18, 1985; Quincy, 
Mass. 

George B. Payne, '36; June 28, 1984; Badiff, Tex. 
G. Elliott Robinson, '36; March 30, 1985; Hanover, 
Mass. 

Annis G. Asaff, '37; March 1983; Lincoln, Mass. 


Robert L. Carlisle, '37; 1985; Bayside, N.Y. 

Peter Kolupaev, '37; January 24,1983; Philadelphia. 
Abraham Schwartz, '37; February 4, 1984; Engle¬ 
wood, N.J. 

Arthur B. Savel, '38; January 10, 1985; Brookline, 
Mass. 

Peter E. Kyle, '39; December 6, 1984; Northfield, 
Vt. 

Parks R. Toolin, '39; 1985; Pittsburgh, Penn. 
William C. Walker, '39; January 27, 1985; Lexing¬ 
ton, Mass. 

Bernard Carver, '40; 1985; Winthrop, Mass. 

Nils M. Rosenberg, '40; January 20, 1985; Seattle, 
Wash. 

Louis Strymish, '40, 1985; Newton Center, Mass. 
Nicholas Williamson, '40; January 20, 1985; Pocas- 
set, Mass. 

Preston R. Glading, '41; December 16, 1984; Bar¬ 
rington, R.I. 

Peter Homack, '41; December 1984, Palm Beach, Fla. 
Samuel L. Solar, '41; June 1984; San Jose, Calif. 
Robert W. Curtis, '42; November 27, 1984; Arling¬ 
ton, Va. 

David F. Kinert, '42; 1985; Burlingame, Calif. 

John W. McNall, '42; July 10, 1984; Greensburg, 
Penn. 

Maynard D. Lee, '44; January 3, 1985; Kittery, 
Maine. 

Leonard T. Loforese, '44; December 13, 1984; 
Greenwich, Conn. 

Hugh M. Jansen, Jr., '45; February 25, 1984; At¬ 
lanta, Ga. 

Edward V. Oxenford, '45; February 4, 1985; Buenos 
Aires, Argentina. 

Edward J. Fradkin, '46; February 10, 1985; New 
York, N.Y. 

Frederick M. MacDonald, '46; January 8, 1985; 
Hyannis. Mass. 

Walter H. Amadon, '48; October 26, 1984; Sudbury, 
Mass. 

James Dugundji, '48; Januarv 8,1985; Los Angeles, 
Calif. 

Peter W. Johnson, '48; 1985; San Jose, Calif. 

Mrs. Paul Dulaney, '49; January 1985; Glade Spring, 
Va. 

William Haddon, Jr., '49; March 4, 1985; Bethesda, 
Md. 

Worley B. Lynn, '49; 1984; Vian, Okla. 

Eugene A. Morgan, '49; March 14, 1985; Bedford, 
N.H. 

Axel Erik Nygren, '51; January 8, 1985; Fagersta, 
Sweden. 

Sergej Zezulin, '52; February 2,1985; Sea Cliff, N.Y. 
William E. Sollecito, '53; November 2, 1984; Syra¬ 
cuse, N.Y. 

John B. Padgett, Jr., '54; July 16,1984; Palos Verdes, 
Calif. 

David R. Wones, '54; December 1984; Blacksburg, 
Va. 

William B. Banks, '55; February 23, 1985; Port Or¬ 
ange, Fla. 

Thomas C. Wood, '55; April 19, 1984; Manhattan 
Beach, Calif. 

Robert R. Pollard, '56; January 29, 1985; Hollis, 
N.H. 

Harry M. Salesky, '57; 1985; Tiburon, Calif. 

Robert Van Benschoten, '57; March 15, 1984; Liv¬ 
ingston, N.J. 

Donald Daryl Wyckoff, '58; January 20, 1985; Mar¬ 
blehead, Mass. 

Bruce R. Hayworth, '59; January 20, 1985; Poway, 
Calif. 

Maciej James Achmatowicz, '64; October 28, 1984; 
Ashbum, Canada. 

Ralph W. McKenney, Jr., '66; January 18, 1985. 
Stanley D. Derbin, '69; November 29, 1984; Dan¬ 
bury, Conn. 

Kenneth R. Britting, '71; February 18, 1985; Dover, 
Mass. 

Omer S. Kaymakcalan, '75; February' 22, 1985; De¬ 
witt, N.Y. 

David A. Anderson, '76; February 22, 1985; Ha¬ 
worth, N.J. 

Wayne E. Matson, '77; February 1985; Boston. 
Randall G. Chipperfield, '85; Cambridge, Mass. 
Karl N. Horita, '85; January 25, 1985; Brookline, 
Mass. 
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Great Climbing Monkeys! 


This past week I was quite ill with a flu¬ 
like disease that caused me to miss my 
first three days of work since arriving at 
NYU more than five years ago. And 
guess who strolled into the lab to inter¬ 
view our research group while I was out: 
the CBS Evening News! I guess it just 
doesn't pay to get sick so often. 

I am sorry to say that, for some unex¬ 
plained reason, two of the October so¬ 
lutions given in the February/March 
issue were unattributed. Somehow be¬ 
tween my original manuscript and the 
final column, credits to Harry Zaremba 
and David Griesedieck for OCT 2 and 
OCT 4, respectively, were omitted. I 
apologize for the error. 

Finally, I would like to acknowledge 
a touching letter from one of the most 
active contributors to Puzzle Corner 
who explained, in a warm and personal 
way, why his activity would have to de¬ 
crease. This column is dedicated to John 
Rule. 

Problems 

JUL 1. For our computer problem of the 
month, Matthew Fountain wants you to 
find the smallest prime number that 
contains all 10 digits. 

JUL 2. Lester Steffens asks us to answer 
a new question about the widely known 
Tower of Hanoi problem: % 

The original tower, first described in 
1883, consisted of 64 golden discs, each 
of a different diameter, stacked accord¬ 
ing to size, with the smallest on top. The 
tower is to be restacked on one of two 
additional sites, moving one disc at a 
time off the top of one stack either to an 
empty site or to the top of the stack on 
one of the other-sites, without ever plac¬ 
ing a larger disc on a smaller. The orig¬ 
inal problem was to find the minimum 
number of moves to transfer the entire 
stack. The new problem is to calculate 
the location of each disc after 1,001 
moves have been made using the opti¬ 
mum transfer procedure. 

JUL 3. Charles Bostick has some points 
that need to be covered: 


Define an n-triangle to be a collection 
of n(n + l)/2 points regularly spaced 
into the shape of an equilateral triangle 
with n points on a side. Define a 3-line 
to be a line segment connecting exactly 
three adjacent points parallel to a side 
of an n-triangle. (The three adjacent 
points are said to be "covered" by the 
3-line). For what values of n can all 
points of an n-triangle be covered by 
non-intersecting 3-lines? 





JUL 4. Here is one from a batch John 
Rule sent me in 1974 and I have been 
periodically milking ever since: 

A manufacturer makes all possible 
sizes of brick-shaped blocks such that 
the lengths of the edges are integral mul¬ 
tiples of the unit of length, and that the 
number of units in the total length of the 
twelve edges of the block is equal to two- 
thirds of the number of units of volume 
in the block. What sizes does he make? 

JUL 5. Here is some monkey business 
from Bruce Calder: 

An ideal pulley system supports a 
bucket of water on one rope and a mon¬ 
key on the other. The bucket and mon¬ 
key are in static equilibrium and at the 
same vertical level. Suddenly the mon¬ 
key began climbing up its rope. Describe 
the motion, if any, of the bucket. 
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third Friday in July 1985, this would return the num¬ 
ber 2446248). 

2. We then determine what day of the week this is 
(in this case the program returns a 1 telling us that 
this is a Monday). Next we find the date of the first 
Friday (the computer tells us that this is the 5th). 

3. Then we calculate the date of the 3rd Friday (in 
this case the 19th). 

4. Finally the program validates the answer by cal¬ 
culating the Julian day of this date and then recon¬ 
verting the Julian day back to a real date. If the 
month of this new date is the same as the original 
month, we have a solution. As an example of an 
impossible date: if we were looking for the 5th Fri¬ 
day in July, the computer would calculate it to be 
the 33nd of July. When this is converted to a Julian 
day and then back to a real date it comes back as 
August 2nd. The computer recognizes that August 
is not the month requested and sets the date to zero. 

Mr. Weiss submitted the program described 
above, but inadequate space prevents us from re¬ 
printing the program and we apologize. A copy can 
be had by return mail from the Review. 

Also solved by Frank Carbin, Harry Zaremba, Jim 
Landau, John Patterson, Matthew Fountain, Robert 
Slater, Winslow Hartford, and James Abbott (who 
also included a Tl-59 program card containing his 
solution.) 
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Speed Department 


SD 1. Phelps Meaker is building a 
straight sidewalk 54'8" long, using 40 
cast-concrete slabs each formed as an 
equilateral triangle. To square off the 
ends, he has two extra 30-60-90 half¬ 
slabs. What is the width of the walk? FEB/MAR 2. Two coins, loosely coupled, are flipped 

simultaneously such that if either one is heads, the 
other has probability 7/8 of also being heads, but if 
either one is tails, the other is equally likely to be 
either heads or tails. Find the probability of each 
individual coin turning up heads, and the proba¬ 
bility of their both being heads simultaneously (or 
prove that the problem statement and data are in¬ 
consistent). 

Michael Tamada found a couple of solution tech¬ 
niques for the loosely coupled coins: 

Each coin has probability of .8 of being heads. The 
probability that both are heads is .7: 
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SD 2. A bridge quickie from Doug Van 
Patter: 


Dummy: 

A J 5 3 
V 965 

♦ A J 74 

* Q 6 2 


Robert F. Rowe 48 
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Control Data Business 
and Technology 
Center 


701 East Bay St. 
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Your contract is six hearts. West leads a Coin 2 

low club. You put in the *Q, which is h t _ 

covered by the *K and A A. Can you Coin I — *[ —~ 

find a line of play that just about guar- • a j .g — 

antees success? 

q I . I have two ways of deriving the answer, one using 

solutions a “contingency table" approach and one using a 

"conditional probability" approach. 

FEB/MAR 1. Management meetings are scheduled Contingency Table Approach: 

on the second Thursday of each month, adminis- We wish to find the unknown probabilities a, b, c, 
trative conferences are the third Friday, and work and d: 
units have a seminar on the first Monday. Derive 
an alogrithm which will generate a date given the 
year, month, day-of-week, and ordinal week within 
the month. For example, if a meeting were sched¬ 
uled for the third Friday of August 1984, the algo¬ 
rithm would return "August 17." Note that a 
meeting on the fifth Tuesday in March would be 
Fine for 1983, 1985, and 1986 but not for 1984 (there 
are only four Tuesdays in March of 1984). In this 
case the algorithm could return January 0. 

The following solution is from A1 Weiss, who also 
notes that there are only four Tuesdays in March 
in 1985 and 1986: 

Programmers, like all good craftsmen, have their 
own bags of tools. One tool that has been in my 
bag for a long time is a routine that will convert a 
date into the number of days since November 24, 

-4713 (this is not the same as 4713 B.C., since there 
was no year zero). The number generated by this 
routine is called the Julian day. It is similar to a 
"shop date," which is the number of days since the 
beginning of the year. This number itself is not too 
useful, but it can be used to calculate the number 
of days between two dates. There is also a com¬ 
panion routine which converts the number back 
into a date. These two routines can be used of Find 
the date 90 days from today. Using these two rou¬ 
tines it is possible to solve Alfred Anderson's prob¬ 
lem. My procedure is as follows: 

1. First we determine the Julian Day of the 1st of 
the month desired (assuming we are looking for the 
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We know that a + b + c + d = l. If Coin 1 is tails 
(i.e., if we're in the second row, which contains c 
and d), we are told that Coin 2 has equal probabil¬ 
ities of being heads or tails. In other words, c/(c + 
d) = 1/2. Similarly, if Coin 2 is tails, we are told 
that b/(b + d) = 1/2. These two equations tell us 
that b = c = d, so we know that a + 3b = 1. We 
are told that if Coin 1 is heads, then Coin 2 has a 
probability of 7/8 of being heads. In other words, 
a/(a + b) = 7/8. Substituting a = 1 - 3b in the 
above equation, we get (1 - 3b)/(l - 3b + b) = 
7/8, or b = .1. Since b = c = d, we know c = d 
= .1 and thus a =.7. 

Conditional Probability Approach: 

Let "HI" and “Tl" stand for the probability that 
Coin 1 is heads or tails respectively. Obviously HI 
= 1 - Tl (and H2 = 1 - T2 for Coin 2). Let 
p(Hl:H2) stand for the probability of event HI given 
that H2 occurs. We are told that p(Hl:H2) = 7/8 
and p(H2:Hl) = 7/8. Similarly, we are told that 
p(Hl:T2) = 1/2 and p(H2:Tl) = 1/2. The uncondi¬ 
tional probability of any event is equal to the sum 
of its conditional probabilities (weighted by the 
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probabilities of the condition occuring). I.e., 
p(Hl) = p(Hl:H2) x p(H2) + p(Hl:T2) x p{T2). 
So 

P(H1) = (7/8)p(H2) + (1/2)11 - p(H2)] 

P(H1) = 1/2 + (3/8)p(H2). (1) 

Similarly, for Coin 2 we get 
p(H2) = p(H2:Hl) x p(Hl) + p(H2:Tl) x p(Tl) 
p(H2) = (7/8)p(H) + (1/2)[1 - p(Hl)] 

P(H2) = 1/2 + (3/8)p(Hl). (2) 

Combining equations (1) and (2), 

p(Hl) = 1/2 + (3/8)[l/2 + (3/8)p(Hl)l = 4/5. 

We also find that p(H2) - 4/5. Again using laws of 

conditional probability, we know that 

p(Hl & H2) = p(Hl:H2) x p(H2) = 7/8 x 4/5 = 

.7 

Also solved by David DeLeeuw, Leon Tabak, 
Matthew Fountain, Michael Jung, Richard Hess, 
Winslow Hartford, and the proposer, William Stein. 

FEB/MAR 3. A horizontal line of length 2a forms 
the common base for two isosceles triangles. The 
near side the triangle is 45° -45° -90°, and on the 
opposite side 75° - 75° - 30°. Determine the radius 
of the circle tangent to all sides of the composite 
lanceolate figure, and locate the center. 

Avi Omstein makes it look easy: 



Let x be the radius of the inscribed aide, let h be 
the line segment from the circle's center to the ver¬ 
tex of the 75° —75° -30° triangle, and let s be the 
length of the bisector of this triangle. From the dia¬ 
gram, we see: 

s = a/tan 15° and h — x/sin 15° 
a + s = x2 m + h. 

Thus we have 

a + a/tan 15° = x2 1 ' 2 + x/sin 15° 
x — a(l + 1/tan 15°)/(2 1 ' 2 + 1/sin 15°) 
x = 0.896575472a 
x2 w = 1.267949192a 

Also solved by David DeLeeuw, Everett Leroy, 
George Parks, fiarry Zaremba, Mary Lindenberg, 
Matthew Fountain, Mel Garelick, Naomi Markov- 


itz, Richard Hess, Steve Feldman, Winslow Hart¬ 
ford, and the proposor, Phelps Meaker. 

FEB/MAR 4. Find a four-digit number whose square 
is an eight-digit number whose middle four digits 
are zero. 

Most solutions were brute-force computer 
searches. Pierre Heflter reduced the search vastly 
by employing some pre-analysis: 

The answer is 6,245, whose square is 39,000,025. 
Trivial answers of 4,000, 5,000, 6,000, 7,000, 8,000 
and 9,000 should have been excluded in the state¬ 
ment of the problem. Since the square must lie be¬ 
tween 10,000,001 and 99,000,099, the number itself 
must lie between 3,163 and 10,000. Absent any way 
to predict the occurrence of zeros in the middle of 
a square, one could square each number between 
3,163 and 10,000 (6,144 numbers in all if endings in 
zero are omitted) and hope to find a square with 
four zeros in the middle. A tedious search without 
a computer, almost two hours on my HP97. For a 
more efficient search, consider the following: the 
square root of 10,000,099 is 3,162.293; the square 
root of 10,000,000 is 3,162.277. The difference is 
0.0156. In the same test for numbers 99,000,099 and 
99,000,000, the difference in square roots is 0.00498. 
It follows that if X is a number ranging up from 
10,000,000 and if VX comes out with a fraction 
which is more than 0.0156, there is no number be¬ 
tween X and X — 99 which is a perfect square. So, 
using 0.0156 as a discriminant, take the square root 
of 90 numbers of the form ab,000,099, where ab 
ranges from 10 to 99 (easy on any pocket calculator), 
discard any square root if its fractional part exceeds 
0.0156, and round out the rest to the next lowest 
whole number. Then discard any left that end in 
zero. Three remain that are worthy of being tested. 
One of them, 6,245, satisfies the problem. The other 
two do not because the discriminant did not de¬ 
crease to 0.00498 (as it should have to be a necessary’ 
and sufficient test) as ab ranged up to 99. This search 
took just over two minutes on my HP97. 

Also solved by Jerry Cogan, Frank Carbin, Ches¬ 
ter Claff, Avi Omstein, Dennis Sandow, George 
Byrd, George Parks, John Prussing, Lee Fox, Mat¬ 
thew Fountain, Michael Jung, Michael Tamada, Na¬ 
omi Markovitz, Nicholas Strauss, Richard Hess, 
Robert Slater, Robert Turner, Ronald Raines, 
Thomas Stowe, and Winslow Hartford. 

FEB/MAR 5. Consider two dipoles. The lower di¬ 
pole is fixed, and the upper dipole is constrained 
to move along a horizontal line. (This is roughly the 
geometry encountered in magnetic stirring.) Find 
the conditions for which the upper dipole tends to 
center (the force is in the opposite direction to the 
displacement from the center line). When does the 
motion of the upper dipole approximate simple har¬ 
monic motion? 

Only Matthew Fountain and Richard Hess tac¬ 
kled this hard problem. Mr. Fountain's impressive 
solution would have been published except for a 
confrontation between its length and the available 
space in this issue. Readers may obtain a copy (to¬ 
gether with our apologies, which go also to reader 
Fountain) by return mail on request to the Review 
office. 

Better Late Than Never 

JAN 4. Pierre Heftier has responded. 

Proposers' Solutions to Speed Problems 

SD 1. 27.733 

SD 2. First cash the ♦ K, then lead the VQ. If this 
holds (it did) and both defenders follow suit, play 
the VJ. Presumably, a defender will take the VK. 
Now the V9 provides an entry to dummy, and you 
can pitch the A10 on the ♦ A. If East shows out on 
the first trump trick, play a small trump toward the 
V9, with the same result. This hand occurred at 
the Talleyville Club in Wilmington, Del., which 
boasts of the highest percentage of life masters in 
the U.S. West actually held three hearts to the king. 
Several declarers made 12 tricks. 
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Collective research 
could enable firms to “freeze out” 
innovative , aggressive mavericks. 


companies conspired to delay the date at which the 
regulations could take effect because they feared that 
their customers would be loath to pay for the emis¬ 
sion controls. The suit was settled through a consent 
decree, without admission of guilt—a settlement in 
which the companies in effect said that “we never 
did anything wrong and we’ll never do it again.” 

Collective research can have two other ill effects. 
A cooperative may unduly narrow its members’ re¬ 
search focus—the other side of the coin to “avoiding 
wasteful duplication.” And pooling their efforts may 
dull members’ competitive initiative in conducting 
research. Under an agreement in which each firm 
undertakes its own research but agrees to share the 
results with the rest of the group, for example, no 
company will be able to gain a competitive edge. 
The agreement among the auto manufacturers on 
emission-control technology was, arguably, such an 
arrangement. 


The Antitrust Laws 

The antitrust laws are the primary legal means for 
attacking and limiting anticompetitive practices. For 
collective research, the keys are a few short para¬ 
graphs in the Sherman Act of 1890. Section 1 of the 
act states that “every contract, combination . . ., or 
conspiracy, in restraint of trade or commerce ... is 
declared to be illegal.” According to section 2, 
“Every person who shall monopolize, or combine or 
conspire with any other person, to monopolize . . . 
trade or commerce . . . shall be deemed guilty.” The 
act carries both criminal and civil penalties. 

The Justice Department’s Antitrust Division is the 
primary agency for enforcing the act. (The Federal 
Trade Commission tends to focus its efforts on other 
parts of the antitrust laws.) The division usually 
brings criminal suits only in egregious cases of price¬ 
fixing or monopoly, in which the defendants knew 
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Analyzing the Legalities 


or should have known that 
their activities were illegal. 

In these instances, which 
also include cases where 
companies rig bids and di¬ 
vide up markets in the in¬ 
famous smoke-filled rooms, 
the division generally asks 
for jail sentences and stiff 
fines against the guilty par¬ 
ties. In the early 1960s, for 
example, several executives 
from General Electric and 
Westinghouse served time 
for setting the prices of elec¬ 
trical generators and switch 
gears. More recently, exec¬ 
utives of many construction 
firms have ended up in jail 
for rigging bids on highway 
construction projects. 

When the anticompetitive 
nature of the practices is 
more open to question, the division brings civil cases, 
asking the court to halt the practices and to take 
measures to reduce the likelihood that they will re¬ 
cur. The well-publicized cases brought against IBM, 
that was dropped in 1982, and AT&T, settled on 
the same day, typify that approach. 

Private citizens and companies can also bring civil 
suits under the Sherman Act. If such plaintiffs can 
prove that the defendants caused them injuries as a 
direct result of violating the act, the court will enjoin 
the actions and require the defendant to pay the 
plaintiff three times the level of damages proved. It 
is the fear of such private treble-damage suits, com¬ 
bined with the apparent breadth and vagueness of 
the Sherman Act, that has apparently led to the wide¬ 
spread belief that antitrust laws are inhibiting col¬ 
lective research. 

However, to my knowledge, no plaintiff has ever 
won a case against a member of a collective-research 
effort. Even so, potential members and their cautious 
antitrust attorneys might well fear that a federal dis¬ 
trict court judge or jury could decide that their co¬ 
operative research constitutes a “contract, 
combination . . ., or conspiracy in restraint of trade” 
or an “attempt to monopolize.” The unsettled and 
untested state of the law tends to heighten such fears. 
In these circumstances, threats to sue can be potent. 


In fact, the Sherman Act’s 
language appears broader 
than it really is. Every con¬ 
tract or agreement between 
two companies restrains the 
companies in some manner 
and thus restrains trade. But 
the vast majority of con¬ 
tracts are not attacked as 
anticompetitive. Indeed, by 
increasing certainty and re¬ 
ducing risk they enhance the 
efficiency with which firms 
can use resources, and thus 
their ability to compete in 
the marketplace. It is agree¬ 
ments that unreasonably re¬ 
strain trade—such as those 
to fix prices, allocate mar¬ 
kets, or raise the costs of ri¬ 
vals—and clear attempts by 
one or a few firms to corner a market that have 
generally come under antitrust scrutiny in the courts. 

The antitrust laws should be seen as a means of 
encouraging competition so as to improve long-run 
economic efficiency and welfare. A long-run view of 
the incentives for firms to compete and excel is cru¬ 
cial. Short-run efforts to protect individual compet¬ 
itors clash with these long-run goals. I would argue 
that only those arrangements interfering with the 
long-range competitive process should be considered 
unreasonable and subject to the Sherman Act. The 
potential for harm should, when possible, be based 
on empirical evidence rather than a priori judgments. 

Over the last two decades the Antitrust Division 
has been gradually moving toward such an emphasis 
on long-term consequences. The process was has¬ 
tened considerably by the arrival of William Baxter 
as head of the division in the spring of 1981. He 
repeatedly insisted on broadening the analysis of ar¬ 
rangements such as collective research that might 
appear to be anticompetitive but that need not be. 

This approach entails identifying and analyzing a 
particular market to determine the likelihood of an¬ 
ticompetitive behavior. For antitrust purposes, a 
market is the smallest group of sellers who, acting 
collaboratively, could raise prices significantly with¬ 
out being thwarted if too many customers switch to 
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Competitive rivalries 
will surely limit the extent of collective 
research and the gains from it. 


other sellers. The likelihood of noncompetitive be¬ 
havior increases with: 

□ The fewer the number of firms in a market. 

□ The greater the differences in the firms’ sizes. 

□ The greater the difficulty of new firms in entering 
the market and that of existing (especially, small) 
sellers in expanding their share. 

□ The larger the number of buyers, and the lower 
the concentration among them. 

□ The greater the standardization and simplicity of 
the product. 

For example, if only a few firms are selling a stand¬ 
ardized product, such as aluminum ingots, to a large 
number of buyers and entry by new sellers is difficult, 
the likelihood that the few sellers would recognize 
their joint benefit in competing less aggressively 
would increase. These principles can be used to ana¬ 
lyze the potential anticompetitive effects of a merger 
among producers of more tangible goods and ser¬ 
vices as well as of a collective-research effort. 

If the antitrust concern is about the effects of col¬ 
lective research on an industry’s overall competition, 
the relevant product and geographic markets of the 
firms should be defined. This analysis should include 
the effect of actual or potential imports on the mar¬ 
ket, except where they are blocked by, say, quotas. 

If the legal concern is that collective research will 
impair competition in R&D itself, the market for 
that research must be defined. This market is prob¬ 
ably broader than that for goods, for three reasons. 
First, both customer and supplier firms may partic¬ 
ipate in research on an industry’s technological prob¬ 
lems. For example, not only the can industry but 
also aluminum companies and soft-drink firms 
would be interested in improving the technology of 
extruding aluminum soft-drink cans. Second, over¬ 
seas companies may participate in cooperative re¬ 
search even when transportation costs or other trade 
barriers prevent the firms from actually selling their 
products in the United States. Technology is often 
easier to transport than products. Many U.S. com¬ 
panies license technology from companies abroad, 
and vice versa, even though the firms do not export 
or import the goods themselves. Third, a wide range 
of industries and firms may be interested in basic 
research. 

Once the research market is defined, its structure 
and the nature of the collective research must be 
determined. That information makes some compet¬ 
itive issues easier to settle. 

If the members of a collective-research effort ac¬ 


count for a small fraction—say 15 to 20 percent— 
of the market, the potential for stifling competition 
would appear to be slight. Such a cooperative could 
hardly dampen the pace of the industry’s overall 
research, and mavericks could form their own col¬ 
lectives. If the market is unconcentrated or open to 
entry, even cooperative research that includes most 
or all sellers would probably threaten little harm. 
And if the details of the cooperative arrangement are 
not restrictive—members may also conduct their 
own research, for example—competitive concerns 
are unlikely to be severe. 

Even if the underlying market is concentrated and 
difficult to enter, and a cooperative-research effort 
includes most sellers, competition will not necessar¬ 
ily suffer. In this case, the potential benefits from the 
arrangement must be weighed against the potential 
risks to competition. In addition, if economies of 
scale dictate that research must involve a high pro¬ 
portion of firms in a market—responsible, say, for 
more than 50 percent of overall sales—then one can 
argue that all the other firms in the market should 
be allowed to join. However, such requirements 
should be used carefully and sparingly. 

Plainly, this type of analysis cannot eliminate all 
the problems in deciding whether specific examples 
of collective research are anticompetitive. But it does 
provide a framework for considering the difficult 
cases as well as identifying the easy ones. The An¬ 
titrust Division’s decision not to oppose the for¬ 
mation of MCC, for example, was made much 
simpler by the absence of computer-industry giants 
IBM and AT&T from the consortium, and by the 
active rivalry of Japanese producers in this research. 

How Effective Is Collective Research? 

While Baxter indicated in 1981 that collective re¬ 
search would not automatically be suspect as anti¬ 
competitive, political pressures continued to mount 
for legislation to allay fears that firms would be pros¬ 
ecuted for such research. The result was the National 
Cooperative Research Act, passed by Congress last 
September and signed into law in October. 

The act contains four important provisions. First, 
it permits—but does not require—the parties in a 
collective-research venture to register with the An¬ 
titrust Division and the Federal Trade Commission. 
Second, any private plaintiff who wins an antitrust 
suit against a registered collective-research venture 
can receive only the actual amount of damages, 
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So far cooperative 
research shows little evidence 
of leading a new industrial 
revolution. 


rather than treble damages. Third, courts handling 
antitrust suits must use a “rule of reason” standard 
to judge the legality of cooperative research. This 
means that they must weigh the potential benefits of 
the research—in improving efficiency, for example— 
against its possible anticompetitive effects. Finally, 
the act allows research collectives that successfully 
defend themselves against antitrust suits to force 
plaintiffs to pay the legal fees if the suit is deemed 
“frivolous, unreasonable, without foundation, or in 
bad faith.” Defendants usually cannot win reim¬ 
bursement from plaintiffs in other antitrust cases. 

The new law is a sensible step in reducing antitrust 
fears and encouraging collective research that will 
enhance efficiency and competition in the U.S. econ¬ 
omy. But how significant will that effect be? Poli¬ 
cymakers in Congress and the Reagan administra¬ 
tion have promoted joint research as the salvation 
for the U.S. economy. That view now seems wildly 
optimistic. 

So far cooperative-research ventures show little 
potential for ushering in a new industrial revolution. 
A recent survey by the Center for Science and Tech¬ 
nology Policy at New York University’s Graduate 
School of Business Administration shows five major 
categories of organizations that do cooperative re¬ 
search: 

□ Trade associations, such as the Chemical Man¬ 
ufacturers Association and the American Petroleum 
Institute. 

□ Industry associations established specifically to 
fund or conduct research programs. The Semicon¬ 
ductor Research Corp. of Research Triangle Park, 
N.C., and the Electric Power Research Institute 
(EPRI) based in Palo Alto fall into this category. 

□ Subject-specific centers based at universities. 
These use seed money from the federal government, 
such as the Center for Research on Polymers at the 
University of Massachusetts, or from interested com¬ 
panies, such as the Stanford University Center for 
Integrated Systems. 

□ Independent research institutes funded by com¬ 
panies to make nonproprietary technical advances 
and apply research related to “the public welfare.” 
The Sulphur Institute and the Chemical Industry In¬ 
stitute of Toxicology are examples. 

□ Independent institutes with a dual focus on ed¬ 
ucation and research, established by an industry to 
address its labor needs and do nonproprietary re¬ 
search. The Institute of Paper Chemistry, an ac¬ 
credited degree-granting institution, and the Textile 


Research Institute, affiliated with Princeton Univer¬ 
sity, are archetypes. 

In general, organizations involved in these and 
other cooperative-research ventures have annual 
budgets of only a few million dollars. The main ex¬ 
ceptions are the Bell Communications Research Or¬ 
ganization, formed by the now independent Bell 
companies, with a yearly budget of about $880 mil¬ 
lion; EPRI ($350 million); the Gas Research Institute 
($130 million); and MCC ($50 million). But the 
money spent on cooperative research is small change 
compared with the overall funding for R&D in U.$. 
industry. The total budgets of all 59 collective-re¬ 
search efforts that the NYU study could track down 
came to 1.2 percent of total industry R&D in 1982 
and 3 percent in 1984—and the Bell effort alone was 
well over half the latter figure. 

That investment will probably produce enough 
modest advances to justify the easing of antitrust 
regulations for cooperative research. And reducing 
antitrust concerns will undoubtedly encourage firms 
to initiate such ventures. But companies’ fears of 
giving away technical secrets to rivals, the fact that 
many firms do not feel the need for collective re¬ 
search, and the difficulties of staffing and running a 
joint-research effort among competitors will surely 
limit the extent of these ventures and the gains they 
make. 

In the six months after the National Cooperative 
Research Act became law, fewer than 20 such col¬ 
lectives registered with the Antitrust Division and 
the ETC to obtain protection against treble damages. 
Even an insider has admitted that removing the legal 
barriers will not stimulate a flood of cooperative 
research. “R&D is tremendously expensive, and it 
is getting more expensive every year,” said Larry W. 
Sumney, president of the Semiconductor Research 
Corp., a consortium of electronics companies that 
funds university research. “The question now isn’t 
how much joint research is legal; it’s how much the 
industry can afford.” At best, these efforts will yield 
only minor gains in productivity. Cooperative re¬ 
search has neither the potential nor the financial 
backing to be a panacea for the U.S. economy. 


LAWRENCE ]. WHITE is professor of economics at New York Uni¬ 
versity’s Graduate School of Business Administration. He recently spent 
19 months as the chief economist in the Justice Department’s Antitrust 
Division. 
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Used Oil: 
Resource or 
Pollutant? 


BY DENNIS W. BRINKMAN 


M ore than half of U.S. 

car owners now change the lubricating oil in their 
vehicles themselves at least once a year, draining 
from their cars’ crankcases some 350 million gallons 
of used oil. Perhaps 15 percent of this material is 
recovered for reuse as lubricant or fuel; most of the 
rest is disposed of in ways that ultimately bring it 
into the environment as a pollutant. 

In all, more than 1 billion gallons of used lubri¬ 
cants are generated in the United States annually. 
Despite the fact that these are among the highest- 
quality products refined from our best crude oils, 
only about 100 million gallons reach recyclers to be 
re-refined into clean lubricants. The rest is burned 
as a fuel or disposed of as a waste, too often im¬ 
properly. Indeed, a conservative estimate is that over 
500 million gallons of used lubricating oil are an¬ 
nually injected directly into the environment through 
landfills and other disposal methods. 

These valuable products could be recovered for 
reuse—made essentially as good as new—for a rel¬ 
atively low additional investment in time, money, 
and energy. Recycling could also significantly reduce 
pollution risks. But even recovery for reuse or burn¬ 
ing does not insure proper management. Improperly 
handled waste oil or its constituents, collected by 
recycling companies, figure in many sites that now 
await cleanup under the “Superfund” program of 
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Where used 
lubricants 
come from 


the Environmental Protection Agency (EPA). 

We continue to await regulatory initiatives that 
will rationalize our handling of this material. EPA 
has now begun the process of issuing regulations 
covering the burning of used lubricants as fuel, and 
will eventually propose regulations covering re-re- 
fining. Meanwhile, the question remains of whether 
to declare used lubricants a hazardous waste—a rul¬ 
ing that would impose new constraints on the re¬ 
cycling industry while emphasizing the importance 
of proper handling by the rest of us. 

Putting “Ma and Pa” Out of Business 

The idea of recycling petroleum-based lubricants has 
surfaced whenever there has been a scarcity of oil, 
or even the threat of scarcity. The first concerted 
efforts at recycling were made during World War I. 
With renewed interest during World War II, the re¬ 
cycling industry prospered and grew in the 1940s 
and 1950s. By 1960 150 companies were producing 
over 300 million gallons of recycled lubricants a 
year. Then the industry began to languish because 
of changes in technology. 

At the end of World War II, lubricants were de¬ 
rived almost completely from crude oils. Additives 
such as detergents used to enhance performance rep¬ 
resented only a small percentage of the total volume. 
In contrast, the additives in today’s automotive lu¬ 
bricants may represent 25 percent of the volume. As 
a result, the lubricants perform as light oils when 
cold and as heavy oils when hot, and they can be 
used for up to 15,000 miles in a typical automobile 
engine. That’s fine for the car owner. But the com¬ 
plex chemistry that keeps dirt and sludge in suspen¬ 
sion for 15,000 miles makes decontaminating and 
reclaiming the lubricant a far more sophisticated 
chemical problem. 

Similar developments have affected industrial lu¬ 
bricants, with two more changes. Many are now 
used in the form of oil/water emulsions, and many 
manufacturers now use advanced filtering tech¬ 
niques to make the lubricants last longer, so that 
they are removed for disposal only when heavily 
contaminated. These two practices make recycling 
of these fluids more difficult and economically less 
attractive. 

The oil crisis of the 1970s once more gave new 
life to the industry. Technical interest in recycled 
lubricants suddenly increased, with over 1,200 re¬ 
ports, patents, and other publications on this rather 
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narrow subject appearing in less than a decade. 

Since then, for reasons as diverse as its partici¬ 
pants, the industry has been in steady decline. In¬ 
deed, the diversity of the participants has been one 
of the major problems. Until the 1970s, almost every 
company involved in collecting, recovering, and re¬ 
distributing waste oils was a small business. “Ma 
and pa” operations were at least as common in used- 
oil recycling as in the corner-grocery business. 
Though these recycling companies often had low 
overhead, many were undercapitalized. As the lu¬ 
bricants became more sophisticated and environ¬ 
mental regulations began to require proper disposal 
and careful tracking of the pollutants removed from 
the used lubricants, many of these small operations 
were forced out of business by rising costs. Their 
simple systems for isolating and filtering sludges out 
of used lubricants were no longer adequate, and they 
were unable to meet the increasingly stringent spec¬ 
ifications for lubricants. Because of these failures, 
the army, navy, and air force in the mid-1960s ceased 
purchasing petroleum products containing recycled 
materials. While the military is not a huge consumer 
of lubricants, most state and municipal agencies and 
large private purchasers—such as companies buying 
for automobile fleets—choose products on the basis 
of military specifications. Furthermore, Congress 
also acted to require all lubricants containing even 
a small amount of recycled material to be labeled 
“made from previously used oil,” implying inferior 
quality. 

The industry suffered a further setback at the same 
time when the tax advantage that it had enjoyed 
during and after World War II was removed. Re¬ 
cycled lubricants had been exempt from the excise 
tax on lubricants made from crude oil, on the theory 
that recycled material had already been taxed. With 
this exemption eliminated, the price of recycled oil 
increased. For all these reasons, a heavy shadow has 
fallen over the entire industry. 
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Pollution by Just About Everything 

Used lubricants collected from automobile service 
stations, fleet maintenance facilities, military instal¬ 
lations, and industrial plants now contain a wide 
range of materials—the original detergents and di¬ 
lutants, unburned fuel constituents, metal particles 
from the surfaces being lubricated, and combustion 
by-products. Though the use of leaded gasoline is 
decreasing, lead is still typically present in used oil 
in quantities of several hundred parts per million. 
The additives include highly refined, petroleum- 
based specialty chemicals that assure good flow, 
metal deactivators that prevent reactions between 
the lubricant and engine parts, lead scavengers that 
prevent lead buildup, and anti-oxidants to prevent 
the lubricant from breaking down at high operating 
temperatures. 

Modern refining operations can easily deal with 
all these materials using little if any exotic technol¬ 
ogy. But difficulties often arise because unethical 
producers of hazardous wastes “hide” them in used 
oil to avoid the costs of proper disposal When gen¬ 
erators of used oil must pay a minimum of Si per 
gallon to dispose of liquid hazardous wastes while 
recyclers are paying up to $.50 a gallon for used oil, 
the temptation is hard to resist. 

The most familiar example of this kind of pollu¬ 
tion is the case of Times Beach, Mo., a town that 
the Environmental Protection Agency (EPA) evacu¬ 
ated and bought after used oil contaminated with 
dioxin was spread on roads and in horse corrals to 
control dust. Yet while pcbs and dioxins have re¬ 
ceived much of the publicity as pollutants in waste 
oil, toxic industrial solvents such as ethylene chlo¬ 
rides are much more common contaminants. 

In another case cited by the EPA, waste oil from 
the Bridgeport (N.J.) Rental and Oil Services Co., 
stored in an unlined lagoon prior to treatment and 
recycling, was found to contain benzene, vinyl chlo¬ 


More than 1 billion gallons 
of used lubricants are 
generated in the U.S. 
annually (left). By far the 
most common abusers of 
this resource are the many 
U.S. car owners who 
change their own 
lubricating oil (right). 


ride, toluene, and other organics. These have con¬ 
taminated nearby groundwater used as a human 
drinking source. The B and L Oil Co. in Newark, 
N.J., and its president have been convicted of selling 
for fuel waste oil containing phenolic compounds 
and chlorinated and aromatic hydrocarbons. 

No exotic technology is required to treat modern 
uncontaminated oils for reuse as lubricants. The 
usual treatment consists of three stages of distilla¬ 
tion—the first to remove water, the second (at a 
higher temperature) to remove light hydrocarbons 
(fuel), and the third (at a still higher temperature and 
high vacuum) to separate the lubricant from heavy- 
oil contaminants. A final step removes coloring and 
odor-causing components, by either catalytic action 
or filtering. In general, all these steps can be done 
using relatively low temperatures and pressures. 
They yield a product that is essentially as good as 
the virgin lubricants from new crude oil and that 
therefore sells in today’s marketplace at only a small 
discount below the price of new oil. 

The water removed from waste oil usually requires 
minimal treatment to remove hydrocarbons before 
disposal, while the light hydrocarbons removed in 
the second stage of distillation can be used as fuel 
for the plant. The heavy materials from the third 
stage are often used as an asphalt extender; the as¬ 
phalt binds in the metal pollutants so that leaching 
is not a concern. However, the other materials with 
which used oil is contaminated can present serious 
problems, and the management of re-refining oper¬ 
ations also deserves more careful consideration than 
it has been given. 

An example of the dangers: an inactive waste-oil 
processing facility in Palmer, Mass., contains several 
leaking dikes and containment tanks that threaten 
to pollute surface water, wetlands, and groundwater. 
Indeed, sludge pits remain in many parts of the coun¬ 
try as artifacts of the numerous bankrupt recycling 
plants of the 1960s. 

The Long Wait for EPA 

Waste oil was one of the targets when Congress 
enacted the landmark Resource Conservation and 
Recovery Act of 1976 (RCRA), legislation that has 
dramatically changed the way all hazardous wastes 
are handled. Indeed, RCRA singled out used oil for 
special attention: the EPA was specifically directed 
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The EPA’s proposed 

standards for used oil burned as fuel could 
dramatically affect the recycling industry. 


to write regulations for managing these materials. 
But despite this encouragement, the hazardous na¬ 
ture of waste oil, the known abuses in its manage¬ 
ment, and the ease with which it can be re-refined, 
EPA has been slow to meet Congress’s mandate for 
devising regulations on collecting, reprocessing, and 
distributing used oil. Indeed, in 1980, four years 
after passing RCRA, Congress grew impatient and 
took matters into its own hands by passing a Used 
Oil Recycling Act. This removed the requirement 
that re-refined oil be labeled as such, urged EPA to 
write the mandated regulations on used oil, and pro¬ 
vided money to states to educate businesses and in¬ 
dividuals about recycling waste hydrocarbons. 

Soon after the labeling requirement was lifted, the 
military allowed its branches to buy recycled oil. 
While the Reagan administration prevented EPA 
from spending the funds for education, the act pub¬ 
licized the fact that lubricants re-refined by current 
technology can be of high quality. Congress had 
finally adopted the rational approach of evaluating 
products on the basis of their performance rather 
than their origin. 

Meanwhile, early this year, after nearly a decade, 
the EPA finally issued for comment proposed regu¬ 
lations covering the burning of used oils in non¬ 
industrial boilers. These draft regulations propose 


limits for various pollutants in any commercial oil— 
for example, in the case of lead, somewhere between 
10 and 100 parts per million (ppm). Used oil could 
be blended with virgin fuel to meet these specifica¬ 
tions, except in the case of chlorine. But the crucial 
question of how EPA will enforce these regulations 
remains unanswered. 

Much used oil now offered for sale contains sev¬ 
eral times the proposed limits on pollutants, so the 
regulations could dramatically affect this industry 
and probably reduce the quantity of used oil that 
could be burned as fuel. An EPA contractor has iden¬ 
tified up to 1,000 used-oil collectors and several 
hundred reprocessors who are now selling some 600 
million gallons a year of used oil as fuel. If the new 
regulations force many of these companies out of 
business, the rule making could dramatically in¬ 
crease the amount of used oil that must be discarded. 

This fall, EPA is expected to announce a parallel 
set of proposed rules covering used oils sold for com¬ 
bustion in industrial boilers. Meanwhile, the State 
of New York, impatient with EPA, has set limits on 
pollutants in used oil for all types of boilers. Since 
no provision was made for phasing in these new 
standards, many waste oil distributors have been 
forced to curtail their operations and disposal prob¬ 
lems have at least temporarily been made worse. 


Three stages of distillation 
are typically used to 
process recycled 
iubricants. The water 
removed in the first stage 
usually requires minimal 
treatment before disposal, 
while the light 
hydrocarbons from the 
second stage can be 
burned to fuel the 
reprocessing plant. The 
final stage entails either a 
catalytic treatment with 
hydrogen or clay filtering. 
The former, more 
expensive to install, has 
the advantage of producing 
no or few hazardous 
wastes, while the filtering 
process leaves an oily clay 
that must be disposed of. 



Heavy oils 
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As new additives made 
lubricants more difficult to 
decontaminate and reclaim 
in the 1960s, a large 
number of “ma and pa” 
recycling operations were 
forced out of business. But 
even with today’s complex 
formulas, no exotic 
technology is required to 
refine used lubricants 
(right) into products that 
are essentially as good as 
virgin materials. 


EPA is beginning to draft the standards it will 
impose on re-refined lubricants and the regulations 
that will apply to the industry that produces them. 
One possibility to at once stimulate the re-refining 
industry and improve its product is known to be 
under discussion: a requirement that all lubricants 
supplied to the federal government contain a spec¬ 
ified small percentage of re-refined material. 

A more important decision also remains to be 
made: whether formally to declare used oils a haz¬ 
ardous waste. Several of the largest states have al¬ 
ready made this move and are regulating used oil as 
they do other toxic wastes. In January 1981, just 
before the Reagan administration moved into the 
White House, EPA proposed such a designation for 
used oil, but that proposal was withdrawn in the 
interest of reducing the regulatory impact of gov¬ 
ernment. A possible compromise between the pres¬ 
ent lack of regulation and the high costs imposed on 
re-refiners by hazardous waste regulations is to de¬ 
clare used oil a hazardous waste unless it is in the 
hands of a licensed re-refiner or transporter. 

Wanted: Far-Sighted Investors 

The three stages of distillation can yield re-refined 
lubricants that meet any standards the EPA is likely 
to set, and the technology is available to dispose of 


the waste products that result from the process. 
However, today’s recyclers have the capacity to han¬ 
dle only a small fraction of the used lubricants gen¬ 
erated in the United States. Building an efficient re¬ 
refining operation with a monthly capacity of 
800,000 to 1 million gallons requires an investment 
of several million dollars. The used oil to feed such 
a plant might cost SI2.50 per barrel on today’s mar¬ 
ket, with the re-refined product selling at $50—sug¬ 
gesting at best a minimal annual return after 
deducting processing and handling costs. 

Thus, economics do not at present favor those 
involved in any aspect of used-oil recycling. Most 
re-refiners are in a break-even economic situation— 
a “holding pattern” awaiting a time when petroleum 
products are scarcer, prices are higher, and there is 
more demand for recycled materials. Under current 
conditions, potential investors in the re-refining in¬ 
dustry must take a long-term view, assuming that 
today’s excess oil supplies and low prices will even¬ 
tually be replaced by scarcity and higher prices. 
Those with re-refining facilities in place, experience 
in the business, and an established supply of used 
oil will then be in a position to take advantage of 
the increasing demand for quality lubricants. 

But even such far-sighted investors may be reluc¬ 
tant to fund new plants until EPA completes the long 
Continued on page 70 
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Not yet, but we’re working on it. 

Computers only look small. 
Actually, they can’t tell the players, 
or anything else, without a program. 

But, until recently, even the most 
sophisticated programs only allowed 
computers to operate in “yes” or “no” 
terms. Judgment was still an exclu¬ 
sive domain of the human brain. 

Now, however, the rapidly 
developing science of artificial intel¬ 
ligence is moving in on the mind. 

At AT&T Bell Laboratories, 
using the new approaches to comput¬ 
er programming of knowledge engi¬ 
neering and rule-based program¬ 
ming, we have developed software 
that can cope—like a human—with 
incomplete and uncertain informa¬ 
tion, such as incorrect spelling and 
improper abbreviations. 

The Expert with 
an ACE in the Hole 

Called expert systems, this 
ambiguity-tolerant software is a new 
approach to artificial intelligence in 
industry. And, like the subject mat¬ 
ter experts it mimics, our first 
expert system, ACE, works with 
equivocal data, but produces expert 
judgments. 

ACE, for “Automated Cable 
Expertise,” is a software system that 
contains the distilled knowiedge—in 
the form of “if-then" rules—of the 
people who know cables best: tele¬ 
phone company cable maintenance 
experts. ACE differs from other 
expert systems in two ways: it 
manipulates massive amounts of 
data, and driven by the UNIX 


Operating System on a 3B2 computer, 
it obtains this information auto¬ 
matically from the data bases of 
other computers. 

Developmental ACE software 
has been working as an “assistant” 
for over two years now' to the cable 
maintenance force of the South¬ 
western Bell Telephone Company. 
Every night it monitors and analyzes 
the performance of cable systems 
serving over half-a-million custom¬ 
ers in several metropolitan areas. 

But ACE does more than ana¬ 
lyze; it makes recommendations. 

The Expert at Work 

Unlike a conventional computer 
system, ACE isn't programmed with 
all logical answers to all possible 
problems. Instead, it’s given a set of 
about 500 rules to follow. 

ACE can run through the cable 
records of a city the size of Fort Worth 
overnight, a job that would take a 
human up to a week. By collecting 
its information from other computer 
programs, detecting recurring pat¬ 
terns, requesting additional data, 
and testing these data against its 
expert-derived rales, ACE can often 
isolate problems much earlier than 
its human counterparts. It provides 
information on both specific trouble 
types and locations—such as a break 
in cable insulation at the comer of 
3rd and Elm. And when ACE has a 
recommendation to make, rather 
than generating a mound of paper, it 
communicates via a CRT. 

ACE frees humans to work on the 
causes of problems, not the symptoms. 


The Experts Behind the Experts 

AT&T’s skill in software develop¬ 
ment rests on a solid base of accom¬ 
plishments in the computer field. 
Forty million lines of our software 
direct the world’s largest computer 
system, the U.S. telephone network. 
And that experience is helping to 
make us a leader in new software 
research and design. 

Tbday, software systems are 
being developed to help computers 
write their own software. While 
others make it possible to type data 
base requests in plain English. Our 
Rex expert system, for Regression 
Expert, aids in statistical analysis. 
And we’ve got silicon compilers that 
speed computer-aided design. 
There’s even a program that allows a 
computer to derive new' rales based 
on the rales already in its software! 

All these systems are just a few 
examples of why, for softw are devel¬ 
opment, AT&T is the right choice. 



AT&T 


The right choice 
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Helping Paraplegics Walk: 
Looking Beyond the Media Blitz 

BY HOWARD JAY CHIZECK ~ 


I T happens at least 20 times a day, 8,000 times 
a year: someone in the United States, usually 
young and healthy, suffers a spinal-cord injury 
and becomes partially paralyzed. When the injured 
patients ask their physicians, “Will 1 ever walk 
again?” the answer is usually “no.” Some have to 
be told that they will never again feed themselves or 
brush their hair. The number of Americans with 
spinal-cord injuries that cause some form of paralysis 
is estimated to be between 175,000 and 500,000. 
Such injuries are almost surely permanent. The 
spinal cord simply does not heal itself, and to the 
victims, these injuries are a crushing blow. Their 
independence, their source of livelihood, and often 
their self-image have been suddenly and permanently 
damaged. The lifestyles of their families must change 
as well. 

Historically, there have always been those who 
offered hope and “cures” for spinal-cord injuries— 
using devices chemical, mechanical, electrical, and 
spiritual. Testimonials of cures abound, primarily 
because the terms “paraplegia” and “quadriplegia” 
loosely describe a number of different conditions. 
People who are described as paralyzed may have 
partial control of their limbs; the spinal-cord nerves 
feeding those limbs may not have been completely 
destroyed. In some of these cases, physical therapy 
may restore the use of the injured limbs. In other 
cases, patients improve on their own. 


In the last two decades, researchers have begun to 
stimulate paralyzed limbs electrically in an effort to 
restore function to paralyzed muscles. At least 12 
research centers worldwide are investigating ways to 
apply, control, and coordinate such electrical stim¬ 
ulation, which is called functional neuromuscular 
stimulation (fns). The results so far are promising: 
these experimental techniques have enabled a small, 
carefully selected group of paraplegic patients to 
walk hundreds of meters in the laboratory, using 
walkers for support. Some of these patients have 
walked tens of meters with crutches, which afford a 
greater measure of independence. An even smaller 
number have climbed up and down stairs equipped 
with hand railings. 

In other labs, a small number of quadriplegics, 
paralyzed from the neck and shoulders down, have 
attained enough control of their paralyzed hands and 
forearms to accomplish simple but important tasks, 
such as feeding themselves, combing their hair, and 
brushing their teeth. These achievements could mean 
the difference between total dependence on other 
people and some sense of self-sufficiency. 

For both quadriplegics and paraplegics, devices 
that can restore function in paralyzed limbs promise 
a new and exciting measure of independence. How¬ 
ever, these devices are still experimental. A long list 
of difficult technical problems remains to be solved 
before such devices can leave the laboratory for 


Electronic dances 
have enabled a few paralyzed people 
to wedk and use their hands. But contrary to 
reports in the popular press, these dances are 
years away from commercial use. 
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widespread use. Unfortunately, that is not the mes¬ 
sage that has been broadcast to the public through 
recent articles and television shows. 

Articles such as “Someday I Will Walk Again” in 
Reader’s Digest and “First Steps,” a prime-time, 
made-for-TV movie on CBS, have exaggerated ac¬ 
counts of the capabilities and availability of fns de¬ 
vices. Such accounts may have raised false hopes in 
many patients with spinal-cord injuries and their 
families. Investigators fear that these overblown me¬ 
dia accounts will not only disappoint patients but 
impede future work in the field. 

The truth is that no commercial fns devices are 
now available that provide paraplegics with the abil¬ 
ity to walk, or that enable quadriplegics to have hand 
and forearm control. Furthermore, such devices are 
not expected to be widely available in the near fu¬ 
ture. 

The only commercial fns devices now available 
are those that help correct relatively minor gait prob¬ 
lems, such as lifting and dropping the foot at the 
right moment. Problems with foot drop usually oc¬ 
cur when a patient is recovering from a stroke and 
only the lower leg remains paralyzed. The patient 
therefore has difficulty controlling the movement of 
that foot. 

Having said all this, I must note that current prog¬ 
ress in this field is very encouraging. While major 
advances are not on the immediate horizon, the fu¬ 
ture of fns devices is bright. 

Approximating Nature—Crudely 

Before considering how these artificial devices work, 
we must first understand how the original equipment 
works. In all vertebrate animals, motion is accom¬ 
plished when muscles contract. The muscles are 
turned on electrically by signals carried by nerves, 
which form the wiring of the motor-control system. 
Some nerves run from the spinal cord to the muscles, 
carrying signals that trigger movement. Most of 
these signals originate in the brain. Other nerves 
carry sensory information from the muscles, joints, 
and skin to the spinal cord and ultimately to the 
brain. 

Sometimes the sensory information received at the 
spinal cord is enough to trigger the nerves that con¬ 
trol movement. For instance, if you step on a piece 
of glass, the resulting sensation of pain triggers the 
nerves to command your foot to lift. This is called 
a reflex action because the information does not need 



Patients suffering from pa< 
ralysis and convulsions 
were treated with electri- 
cal shocks as early as 46 
A.D. Above: In the 1740s, 
scientists administered 


shocks from electricity 
generated by an electro¬ 
static machine and stored 
in a Leyden jar. Benjamin 
Franklin reported cures us¬ 
ing this technique. 


to reach the brain to elicit a response. 

When the spinal cord is injured, motor-control 
signals from the brain to the muscles may be dis¬ 
connected. As a result, the patient becomes unable 
to move certain muscles voluntarily. The higher the 
injury in the spinal cord, the more muscles will be 
paralyzed. While lower-level injury may result in pa¬ 
ralysis of the legs, injury to the upper parts of the 
spinal cord may mean paralysis of the legs, trunk, 
and arms. 

If the spinal cord is injured, the pathway for feed¬ 
ing sensory information to the brain may also be 
disconnected. As a result, the patient will have im¬ 
paired (or no) sensation from the areas connected 
by nerves to the spinal cord below the injury level. 
However, reflexes will still exist. 

The hope is to develop “neural prosthetic” devices 
that can at least partially replace the function of the 
injured spinal cord. The problem, however, is much 
more difficult than simply restoring signal transmis¬ 
sion. Researchers must find some way of approxi¬ 
mating the extraordinarily complex system for 
human motor control. 

In this system, each single motor nerve cell (motor 
neuron) activates hundreds or thousands of muscle 
fibers. Fibers are the cells in muscles that, when ac¬ 
tivated by an electrical signal, essentially convert 
chemical energy that the body derives from food into 
contractive force. Each muscle fiber receives its stim¬ 
ulus from only one motor neuron. A motor neuron 
and all of its associated muscle fibers are together 
called a motor unit. 
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For movements such as walking or grasping an 
object with one hand, the central nervous system 
coordinates all the sensory information coming in 
with motor commands going out to the many mus¬ 
cles involved in producing the desired movement. In 
a sense, the human nervous system is an extremely 
complicated parallel processor, receiving, coordi¬ 
nating, and transmitting an enormous number of 
signals simultaneously. 

At this stage, researchers are not even attempting 
to reproduce this natural motor-control system in 
its full complexity. Instead, they are concentrating 
on developing substitute systems that can achieve 
rudimentary motor control over paralyzed limbs. 

Benjamin Franklin and the Leyden Jar 


The use of electrical stimulation for medical pur¬ 
poses has a long and somewhat dubious history. As 
early as 46 a.d., the Roman physician Scribonius 
Largus prescribed the use of the torpedo fish, an 
electric ray fish, to treat headaches and gout. The 
torpedo fish was to be placed over the painful spot, 
where it would deliver a numbing electrical shock. 

Then, in the 1740s, when scientists first learned 
to produce electricity and store it (in a Leyden jar), 
electrical cures were reported for paralysis, kidney 
stones, epilepsy, and heart pain, as well as other 
ailments. Among the early practitioners of electrical 
stimulation was Benjamin Franklin, who used an 
electrostatic generator with Leyden-jar storage to 
treat patients suffering from convulsions, reportedly 
with good results. 

The first use of electrical stimulation to contract 
muscles is commonly attributed to Luigi Galvani in 
1791. Galvani produced the contractions by con¬ 
ducting electricity from a metal rod through the 
nerve and muscle of a frog’s leg to another metal 
rod. Alessandro Volta verified Galvani’s experimen¬ 
tal results and corrected his idea that the source of 
electricity was the animal rather than the metal rods. 

The modern use of electrical stimulation to acti¬ 
vate paralyzed muscles is at least 25 years old. In 
1960, Adrian Kantrowitz enabled a paraplegic to 
stand for several minutes by stimulating the muscles 
in his legs. The current, when switched on, created 
an electric field between a “ground” electrode and 
the active electrodes attached to the patient’s skin. 
The electric field stimulated certain nerves in the 
patient’s posterior that in turn caused muscles in the 


Today electrodes almost 
as fine as human hair 
(magnified, top) carry the 
electrical signals that 
stimulate paralyzed limbs. 
The Teflon-coated elec¬ 
trodes are inserted with a 
hypodermic needle into the 
muscles that control move¬ 
ment. When these muscles 
are stimulated in se¬ 
quence, the patient can 
stand or walk. 

Center: Sensors taped to 
the legs send information 
on the changing angles of 
the joints to a portable 
stimulator/computer (bot¬ 
tom), which then sends the 
signals for the next move. 




PHOTOS: HOWARD CHIZECK, CASE WESTERN RESERVE 


TECHNOLOGY REVIEW 57 












body to contract. The contraction straightened the 
patient’s knees, allowing him to support his own 
weight. 

More recently, researchers have also developed 
techniques to deliver electrical stimulation through 
electrodes implanted in the target muscle, or sur¬ 
gically implanted around or on top of the actual 
nerves. In 1970, researchers at the Rancho Los Ami¬ 
gos Hospital in California, and another group in 
Ljubljana, Yugoslavia, were the first to report stand¬ 
ing and some forward motion in paraplegics. The 
Yugoslavian group used surface electrodes for stim¬ 
ulation, and has since enabled 17 patients to stand 
and 3 patients to walk using a walker or crutches. 

In 1973, a paraplegic at the University of Virgina 
at Charlottesville walked approximately 40 feet us¬ 
ing a walker for support. Stimulation was provided 
by a system of implanted electrodes. In 1983, Dr. 
Herwig Thoma of the University of Vienna also used 
implanted electrodes to enable two patients to stand 
and walk up to 100 meters with crutches. Several 
other laboratories, including the Pritzker Institute in 
Chicago, are working on fns standing and walking 
systems as well. 

Researchers working on these systems face a num¬ 
ber of technological problems. For instance, while 
surface electrodes are the easiest to install since they 
remain outside the body, they are not very selective 
in the muscles they activate. That’s because they 
must send their signals though the skin and fatty 
tissue, so they end up activating a number of differ¬ 
ent muscles and nerves. Furthermore, most surface 
electrodes must be replaced daily. 

Intramuscular electrodes, which contain insulated 
stainless steel wires inserted through the skin into 
the muscle with de-insulated tips, are far more se¬ 
lective and reliable. They usually stimulate only the 
particular muscle (and nerves) into which they have 
been inserted. However, even though intramuscular 
electrodes do not require surgery, they are difficult 
to install. Electrodes surgically implanted around or 
on top of specific nerves may turn out to be the best 
for long-term use. However, because they are in¬ 
stalled through surgery, they are not the modus op- 
erandi for the temporary and often changing 
demands of research. 

The size of the electrodes and the materials they 
consist of present further technological limitations. 
Smaller electrodes made of materials more like hu¬ 
man tissue must be developed before large numbers 



58 JULY 1985 










Devices that electrically 
stimulate paralyzed limbs 
promise a new measure of 
independence. Left: A par¬ 
aplegic is able to stand 
and maintain his balance 
with the help of a neuro- 
muscular-stimulation de¬ 
vice developed at Case 
Western Reserve Univer¬ 
sity and the Cleveland VA 
Medical Center. Research¬ 
ers there have also de¬ 
vised a system of 
stimulation that enables 
quadriplegics—paralyzed 
from the neck down—to 
pick up a coffee cup (bot¬ 
tom). 



of electrodes can be implanted inside the body. Even 
more constraining is scientists’ lack of in-depth 
knowledge about the basic biomechanical workings 
of the human body. We simply don’t yet know how 
to coordinate the transmission of signals to and from 
a large number of electrodes simultaneously. No 
more than 50 electrodes are now being used even in 
the most sophisticated experimental systems. The 
body’s natural system of motor control, in contrast, 
employs thousands of simultaneous signals to reg¬ 
ulate movement. Thus, today’s artificial motor sig¬ 
nals can command only large groups of motor units 
instead of individual units. 

Stimulating Muscles by Trial and Error 

All existing neural prostheses work in similar ways. 
First, the patient generates commands either by mak¬ 
ing a physical movement or by turning a switch off 
or on. In some experimental systems, quadriplegics 
move their shoulder a certain way and a transducer 
mounted on the shoulder translates that movement 
into an electrical signal. This signal then prompts 
muscles in the hand to contract a certain way. If the 
person pulls his shoulder back, for instance, his fin¬ 
ger and thumb open and extend. In this way, a se¬ 
quence of different shoulder movements can enable 
a quadriplegic to grasp and pick up a coffee cup. 

In most experimental systems for paraplegics, the 
patient generates binary (on-off) signals using simple 
hand switches. The signals are sent to an electronic 
“stimulator,” which uses this information to gen¬ 
erate one electrical signal for each electrode. The 
electrodes carry these signals into the body, where 
they stimulate specific muscles. These muscles might 
control the way a particular joint should move, or 
how quickly the patient’s foot should be lifted off 
the floor. When all these muscles are stimulated in 
the proper sequence, acts such as walking or grasp¬ 
ing an object—which so many of us take for 
granted—can be achieved. 

Researchers now use painstaking trial and error 
to determine the correct sequence of complicated 
movements needed for walking. These movements, 
which are different for every patient, can also be 
determined mathematically from knowledge of the 
biomechanical system. However, this approach is 
again constrained by our limited knowledge of the 
body’s biomechanics. Once scientists establish the 
Continued on page 62 
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The Nan Davis Story: 
A Trail of False Hopes 

BY MICHAEL J. ROSEN 



JS^lisleading 
media coverage of one 
researchers work has raised 
false hopes in many 
paralyzed patients. 


T his spring, CBS aired 
a “real-life drama” 
based on the attempts 
of one paraplegic, Nan Davis, 
to walk. “First Steps” was a 
heart-rending, two-hour 
drama that culminated in the 
walk Davis (played by actress 
Amy Steel) took to receive her 
graduation diploma in 1983. 

Nan Davis’s story is far 
from unknown. In fact, “First 
Steps” was only the latest 
round in a flood of publicity 
that has surrounded her and 
the scientist whose work she 
is involved in—Jerrold Pe- 
trofsky, director of a center 
for rehabilitation engineering 
at Wright State University in 
Dayton, Ohio. Since 1982, 
Petrofsky’s work in trying to 
restore function to paralyzed 
human limbs has been spot¬ 
lighted in numerous newspa¬ 
per articles and television 
shows, ranging from the Wall 
Street Journal and People 
magazine to “60 Minutes” 
and “That’s Incredible.” 

So what? Why shouldn’t 
Davis’s story—an event with 
obvious human interest—be 
reported widely and dramat¬ 
ically? Why are more than 
two dozen biomedical re¬ 
searchers throughout the 
United States so concerned 
about this publicity that they 
have signed a public state¬ 
ment criticizing it? How do 
we know that the statement 
is not just sour grapes? 

To appreciate the folly of 
permitting and even courting 
this sort of publicity, one 
must first look at what has 
been accomplished—and re¬ 
mains to be accomplished— 
in this field relative to what is 
being reported. For decades, 
researchers have been able to 
electrically stimulate para¬ 
lyzed nerves and muscles, 
causing muscles to contract 
and produce movement in 
paralyzed limbs. When ap¬ 
plied in a programmed se¬ 


quence, such stimulation— 
known as functional neuro¬ 
muscular stimulation (fns)— 
is capable of producing move¬ 
ments that approximate the 
acts of standing, walking, and 
even grasping objects. 

The work now being done 
in research laboratories is 
strictly experimental, and 
profound technological prob¬ 
lems remain to be solved. 
Most bioengineers believe it 
will be 10 to 20 years before 
fns devices can help people 
with spinal-cord injuries 


achieve practical, independ¬ 
ent walking—even with aux¬ 
iliary support from crutches, 
canes, or walkers. 

Furthermore, developing 
devices that help paraplegics 
walk without auxiliary sup¬ 
port may take another two or 
three decades, if not longer. 
In fact, few experts have been 
bold enough to predict that a 
system with the basic capa¬ 
bility of moving a leg to catch 
one’s balance can be devel¬ 
oped for practical use within 
their lifetime. 


Did Nan Davis Really Walk? 

Media coverage of fns re¬ 
search has varied, of course, 
according to the style of the 
particular newspaper, maga¬ 
zine, or radio and TV show. 
One does not expect the same 
level of journalistic accuracy 
from That’s Incredible as 
from the Wall Street Journal. 
However, almost all of the 
television coverage of Petrof¬ 
sky’s work has been mislead¬ 
ing, and in some cases it has 
been downright wrong. 

Even the NOVA episode 
entitled “Will I Walk Again?” 
was a cut below the coverage 
of science one expects from 
that public-television series. 
The show failed to provide 
balanced coverage of ad¬ 
vanced research in laborato¬ 
ries other than Petrofsky’s, 
and did not include critical 
commentary from knowl¬ 
edgeable scientists in the field. 
The show also included some 
completely erroneous state¬ 
ments. For instance, early in 
the show, the narrator, when 
talking about Nan Davis, says 
that “biomedical engineers 
and computer scientists are 
making the idea of the bionic 
woman a reality.” Surely the 
producers of NOVA know 
that the word bionic implies 
replacing human limbs with 
artificial equipment, not re¬ 
storing their natural function. 

At another point, the nar¬ 
rator states that Petrofsky 
“was making an electronic 
nervous system.” In fact, re¬ 
searchers are nowhere near 
approximating the incredible 
complexity of the human ner¬ 
vous system. What they are 
attempting to achieve is ru¬ 
dimentary control over a 
small number of muscles with 
an external system of electri¬ 
cal stimulation. 

NOVA, the “60 Minutes” 
segments, and “First Steps” 
all conveyed the impression 
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that only the fine-tuning of 
fns devices remains to be ac¬ 
complished before independ¬ 
ent gait can be restored to 
paraplegics. The medium it¬ 
self is partially at fault here. 
When television viewers see 
someone who was sitting in a 
wheelchair stand up and 
move her legs—no matter 
how crude the movement— 
they are left with the impres¬ 
sion that the job of restoring 
gait is largely accomplished. 

That strong visual effect 
could have been modified by 
the narrators, but those in 
NOVA and “60 Minutes” did 
little to contradict it. Both 
shows, in fact, used visual ef¬ 
fects and voice-overs to rein¬ 
force the impression. In 
NOVA’s first segment on 
Nan Davis, for instance, she 
is heard saying, “I always 
knew science would come up 
with a cure ... and they’re 
doing it now.” The camera 
then zooms in on a scene with 
Davis pedaling an exercise 
bike; in the background, we 
see and hear a technician ex¬ 
claim, “OK, we got it; it 
works!” 

The overall impression is 
that Nan Davis is substan¬ 
tially closer to independent 
walking than she is to paral¬ 
ysis and mandatory wheel¬ 
chair use. Unfortunately, that 
impression is false. As she 
walked to the podium in 
1983, Davis was heavily sup¬ 
ported by Petrofsky on one 
side and another Wright State 
professor on her other side. 
To move her legs, Davis relied 
on a computer-controlled fns 
system devised by Petrofsky 
and operated by a wrist 
switch. Essentially, the switch 
signaled a portable computer, 
which instructed a stimulator 
to produce the pulses of elec¬ 
trical current that activated a 
few of the paralyzed muscles 
in each of her legs. The switch 
was operated by Petrofsky, 


even though he later was 
quoted by reporters as saying 
that Davis “ordered herself to 
walk ... by pressing buttons 
on a wrist switch.” Further¬ 
more, an electrode on one of 
Davis’s legs became dislodged 
during her walk, forcing 
Davis to support herself on 
only one leg. 

In sum, Davis’s trip to the 
podium that day did not come 
close to independent walking; 
she would have achieved a 
much greater degree of inde¬ 
pendence had she been in a 
wheelchair. The drama of the 
event has obscured the fact 
that Petrofsky succeeded only 
in demonstrating the severe 
limitations of current fns 
technology. 

One must wonder why Pe¬ 
trofsky has allowed his work 
to be the subject of such mis¬ 
leading publicity. Previous to 
1982, Petrofsky had estab¬ 
lished a name for himself as a 
productive researcher in this 
field. Is it possible then that 
he does not recognize how 
much remains to be done to 
achieve walking through fns? 
Does he recognize the false 
hopes likely to result and sim¬ 
ply not care because publicity 
serves other needs? His re¬ 
peated courting of media at¬ 
tention over a period of two 
years certainly makes it hard 
to see Petrofsky as a dupe of 
the press. It is difficult to un¬ 
derstand his motivations in 
all of this. 

Serious Disappointment 

One thing, however, is cer¬ 
tain: because of the publicity 
over his work, many victims 
of spinal-cord injury now be¬ 
lieve they will soon be able to 
discard their wheelchairs. 
After the “60 Minutes” re¬ 
ports, for instance, Terry 
Hambrecht, director of the 
Neural Prosthesis Program 
and the National Institute of 


Neurological and Communi¬ 
cative Disorders (NINCD), 
says he received a “file of let¬ 
ters about two inches thick” 
from patients and their fam¬ 
ilies seeking access to these 
miraculous new devices. 

He and many other prom¬ 
inent scientists believe it is ir¬ 
responsible to raise false 
hopes in paralyzed patients— 
or any patient, for that mat¬ 
ter. In the recent public state¬ 
ment, at least 27 researchers 
nationwide expressed their 
concern that the “continuing 
dissemination of misinfor¬ 
mation will cause serious dis¬ 
appointment to patients 
suffering from motor disor¬ 
ders and may reflect adversely 
on the significant contribu¬ 
tions of the many responsible 
and productive researchers in 
this field.” 

The statement was pre¬ 
pared by Hambrecht and 
Gerald Loeb, a researcher at 
the NINCD, and signed by 
biomedical engineers at 
M.I.T., Case Western Reserve 
University, Pritzker Institute 
of Medical Engineering, and 
other established centers. It 
was printed in full as part of 
a lengthy article criticizing Pe- 
trofsky’s work in the May 
1985 issue of "The Institute,” 
the newsletter of the Institute 
of Electrical and Electronics 
Engineers (IEEE). 

Another overw helming im¬ 
pression that one gets from 
recent television coverage is 
that Petrofsky w'as the first to 
induce paraplegics to walk 
with fns. In the NOVA seg¬ 
ment, for instance, a news 
commentator covering Dav¬ 
is’s walk is heard saying (with 
no qualification by the nar¬ 
rator), “The focus of the 
world was on 22-year-old 
Nan Davis, who became the 
first paraplegic in the world 
to w r alk under her own 
power. History was being 
made. For Nan and a few mil¬ 


lion other wheelchair-bound 
people in the world, these few 
steps represent the hope of 
normal walking some day in 
the near future.” 

The Real Pioneers 

In fact, scientists successfully 
used electricity to stimulate 
paralyzed nerves and muscles 
a decade before Petrofsky’s 
work hit the newsstands. At 
Rancho Los Amigos Hospital 
in California and at Edvard 
Kardelj University in Lju¬ 
bljana, Yugoslavia, parapleg¬ 
ics were briefly on their feet 
in 1970. In 1973, a paraplegic 
at the University of Virginia 
at Charlottesville walked 
about 40 feet using a system 
of implanted electrodes with 
a walker for support. 

The field of rehabilitation 
engineering can ill afford a 
reputation for premature or 
exaggerated claims of success. 
At stake is our credibility in 
the minds of colleagues, fed¬ 
eral policymakers who fund 
our research, and, most im¬ 
portantly, disabled people 
whose needs w'e are attempt¬ 
ing to address. If a backlash 
of criticism overtakes Petrof¬ 
sky, it will probably not be 
any more accurate or focused 
than today’s laudatory furor. 
Such a backlash could easily 
impede future research not 
only by Petrofsky but by all 
scientists in the field. The dis¬ 
service to the disabled could 
extend further and last longer 
than anyone now imag¬ 
ines. □ 
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movement sequence, they must determine the series 
of electrical stimuli needed to produce that move¬ 
ment and store it in the computer, to be refined as 
the patient learns to make the desired movement. 

In most of these systems, the electrical stimulator 
is driven by a nonportable minicomputer, but work 
is progressing on more portable units. One of the 
stimulators used for walking at Case Western Re¬ 
serve can be mounted on the patient’s belt. The bat¬ 
tery-powered device has a sophisticated micro¬ 
processor programmed with a stimulation sequence 
custom-made for each patient. 

This year some researchers have enabled para¬ 
plegics to walk much longer distances than ever be¬ 
fore using more sophisticated control sequences. 
Under the direction of Byron Marsolais and col¬ 
leagues at Case Western Reserve University, two pa¬ 
tients at the Cleveland Veterans Administration 
Medical Center have been able to repeatedly move 
more than 400 feet using a rolling walker. One of 
these patients walked more than 700 feet. Using a 
stimulation sequence designed by Rudi Kobetic, this 
patient can also repeatedly ascend and descend stairs 
using hand railings. 

In all these experimental systems, some method of 
support is needed to sustain the patients’ weight and 
help them maintain their balance while they attempt 
to walk. The additional support can be provided by 
support harnesses, parallel bars, four-post walkers, 
rolling walkers, and crutches. 

Fine-Tuning the Controls 

A complicated sequence of signals must also be de¬ 
vised to restore function in the paralyzed hand mus¬ 
cles of quadriplegic patients. Hunter Peckham, 
Michael Keith, and colleagues at Case Western Re¬ 
serve have developed a system that relies on subtle 
shoulder movements to direct basic grasping move¬ 
ments in the hand. More than 10 patients have 
learned to use this system for such tasks as eating, typ¬ 
ing (with a mechanical aid for pushing the keys), writ¬ 
ing, drinking from rigid cups, and holding cigarettes. 

At present, most neural prostheses for paraplegics 
and quadriplegics rely on “open-loop control.” The 
devices stimulate muscles based only on patients’ 
commands and information previously stored in the 
computer. The controlling computer does not use 
measurements of movement to determine the stim¬ 
ulation signals. 



In another, more sophisticated strategy, sensors 
taped or strapped onto the patient’s limbs measure 
each limb’s position and movements, and the com¬ 
puter uses this information to direct the stimulation 
of different muscles as needed. My colleagues and I 
at Case Western Reserve have developed such a sys¬ 
tem of “closed-loop control” in which four sensors 
measure the changing angle of the knees and ankles 
as our patients are standing. We have found that the 
system helps patients maintain their balance and per¬ 
form other tasks without having to worry about 
whether their legs are about to buckle. 

Jerrold Petrofsky at Wright State University has 
also reported using closed-loop control strategies for 
walking as well as for standing—work that has been 
well-publicized in the popular media. The publicity 
surrounding his work has been a source of contro¬ 
versy among other researchers (see “The Nan Davis 
Story: A Trail of False Hopes,” page 60). 

A system of closed-loop control does offer enor¬ 
mous potential for helping patients walk. Externally 
mounted sensors could be used to provide feedback 
from muscle movements as they happen and to time 
the next cycle of movements. For instance, infor¬ 
mation indicating that the right foot has reached the 
ground and is supporting weight might be used to 
initiate the next step with the left foot. Sensors may 
also eventually be used to measure and modify quan¬ 
tities of motion, such as the degree of force applied 
when the foot contacts the floor. 
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One paraplegic at Case 
Western Reserve has 
learned how to ascend and 
descend stairs. He uses a 
portable microcomputer 
programmed with a se¬ 
quence of electrical stimu¬ 
lation custom-made for 
him. 


Several labs are also developing sensors to help 
quadriplegics regulate their hand motions when at¬ 
tempting to grasp a fork or coffee cup. However, no 
one has yet developed an effective closed-loop con¬ 
trol system for accomplishing either walking or 
grasping an object. The problem is once again tech¬ 
nological: external sensors are difficult to calibrate 
and to attach in a fixed position. These drawbacks 
could be dangerous if the error produces a misstep 
when the patient isn’t ready to move. In addition, 
many patients find such visible electronic gadgetry 
unsightly. Developing suitable sensors is a major 
technical challenge in producing effective fns sys¬ 
tems for both paraplegics and quadriplegics. 

Who Will Use Them and Who Will Pay? 

Perfecting the devices now being studied in research 
laboratories for commercial use will take years. To¬ 
day technicians must regularly adjust the neural 
prostheses used for walking. The devices also require 
a marathon-like effort from patients, since their mus¬ 
cles are easily fatigued from the constant artificial 
stimulation. 

Most of the technological problems with neural 
prostheses will eventually be overcome. By the time 
they are, 1 hope we will have answered an often- 
neglected question: who will use these devices? This 
question really has two parts. Which patients, if 
given the choice, will use the systems, and which 
patients will be given the choice? 

Despite the existence of walking aids such as long 
leg braces, most individuals who are paralyzed in 
both legs choose to use wheelchairs as their primary 
vehicle for mobility. This is simply because the phys¬ 
ical effort associated with using braces does not jus¬ 
tify the amount of increased access they afford. 

Similarly, paraplegics will probably use fns sys¬ 
tems only if they are relatively easy to wear and take 
care of, and if they do not make excessive demands 
on patients’ energy and time. How these prostheses 
look is also important; many paraplegics don’t wish 
to wear a device that attracts unwanted attention. 

Most importantly, neural prostheses must provide 
paraplegics with capabilities they don’t now have. 
Such systems must provide them with the ability not 
only to walk reasonable distances but also to over¬ 
come barriers such as stairs. Devices that help par¬ 
aplegics stand must allow them to do so while 
engaged in significant, mind-consuming tasks. If the 


new devices don’t provide these added capabilities, 
it is unlikely that most paraplegics will abandon their 
wheelchairs. 

Quadriplegics’ acceptance of devices that help 
them use their hands may be a very different story. 
The ability to manipulate objects could mean the 
difference between dependence on nursing care and 
the ability to take control of many basic needs. There 
is also a strong financial reason for developing easy- 
to-use neural prostheses for quadriplegics. By re¬ 
placing some of the nursing care quadriplegics re¬ 
quire, such devices could save millions of dollars in 
health-care costs. These devices may even enable 
some quadriplegics to regain useful employment. 

Although it is impossible to estimate accurately 
the cost of these devices, they will probably be at 
least as expensive as an automobile. Even so, given 
the strong financial incentives, public and private 
health-insurance companies will probably cover 
such devices, making them affordable to most quad¬ 
riplegics. 

The balance of costs and benefits may be less com¬ 
pelling for devices that aid paraplegics. Insurance 
companies might argue that paraplegics can already 
get around with wheelchairs, and many have jobs. 
The intangible improvements to individuals’ quality 
of life are not always the overriding concern of 
health-care insurers. And with the growing push to 
contain medical costs, policymakers may decide that 
public health-care programs such as Medicaid and 
Medicare cannot afford to pay for these devices. 
Thus, when they finally become commercially avail¬ 
able, not all paraplegics who need them may be able 
to afford them. 

The future of efforts to restore muscle function to 
disabled individuals through the use of electrical 
stimulation is promising. However, multidiscipli¬ 
nary teams of scientists, engineers, and health-care 
professionals will have to work long and hard to 
solve difficult technical problems before these de¬ 
vices become widely available. This research should 
not be pressured by premature and exaggerated ac¬ 
counts of success in the popular press, which may 
raise false hopes among patients and damage the 
credibility of investigators in the field. 
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upper- and lower-extremity prostheses. 
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P oised in the depths of space lurk 
deadly projectiles weighing millions 
of tons that will someday gouge the 
Earth. With roulette-like inevitability 
Earth’s number will come up, as it has 
many times in the past, and the planet will 
once again collide with an asteroid. Were 
it not for the eroding effects of Earth’s 
atmosphere and ocean, the asteroid-im¬ 
pact craters accumulated over the eons 
would be as prominent and numerous as 
those of the moon. 

The most recent impact that left a visible 
crater occurred only about 50,000 years 
ago in what is now Arizona. Barringer Me¬ 
teorite Crater near Winslow is over a ki¬ 
lometer in diameter and 200 meters deep, 
formed by an iron asteroid perhaps 35 
meters across that struck with the energy 
of 200 bombs as powerful as the one 
dropped on Hiroshima. The bowl of Lake 
Bosumtwi in Ghana is perhaps the young¬ 
est asteroid crater larger than 10 
kilometers in diameter. It is only 1.3 mil¬ 
lion years old, young enough to have im¬ 
pressed our forebears at its creation. 
Sudbury Basin in Ontario and Vredefort 
Dome in South Africa are among the larg¬ 
est asteroid craters, each more than 140 
kilometers across. 

Mounting scientific evidence ties the de¬ 
mise of the dinosaurs 65 million years ago 
to a collision between the Earth and a 10- 
kilometer body. Some theories even point 
to a cyclic pattern of mass extinctions of 
animal life on a planetary scale, caused by 
a swarm of comets that a mystery star 
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dislodged from the cloud of comets sur¬ 
rounding the solar system. But not to 
worry: if the evidence is correct, the next 
cosmically triggered mass extinction is not 
due until 15 million years hence. 

However, all has not been well for Earth 
even in our own time. For example, on the 
morning of June 30, 1908 a small asteroid 
or comet hurtled through the sky above 
the Stony Tunguska River in a remote area 
of Siberia. As it burned up in the atmos¬ 
phere, it released explosive energy equiv¬ 
alent to a 12-megaton hydrogen bomb, 
destroying scores of square miles of forest. 
Only by chance was a more serious dis¬ 
aster avoided: the intruder could just as 
easily have hit Moscow or New York City. 
Thunderous blasts were heard 800 kilo¬ 
meters away, night skies all over Europe 
glowed eerily for days, and barographs in 
England detected a pressure wave that 
traveled around the world twice. 

Eugene Shoemaker, a noted geologist 
and expert on asteroid impacts, has esti¬ 
mated from the number and ages of craters 
that there is a 12 to 40 percent chance that 
another Tunguska event will occur in the 
next 75 years. Other astronomers concur 
with these disturbing figures. A body with 
Tunguska’s energy strikes Earth roughly 
every 300 years. Shoemaker, who is with 
the U.S. Geological Survey, further cal¬ 
culates that a 50-megaton wallop is likely 


7 he human race 
may well he threatened by 
asteroids or comets that will strike 
the Earth. Can we detect 
these cosmic invaders? 

Can they be foiled? 


to occur once every 1,200 years, and the 
100,000-megaton impact of a one-kilo- 
meter asteroid could occur as frequently 
as four times per million years. 

Much scientific attention has recently 
focused on the atmospheric effects of a 
nuclear war in which up to 10,000 mega¬ 
tons of nuclear explosives might be det¬ 
onated. There is a developing consensus 
that the climate would change so dramat¬ 
ically that human survival would be jeop¬ 
ardized. So much dust and soot from fires 
would be thrown high into the strato¬ 
sphere that it would block out sunlight for 
months. This would put much of Earth 
into such a deep freeze that life forms sur¬ 
viving the initial blasts would be extin¬ 
guished. Shoemaker and others speculate 
that a large asteroid striking the Earth 
could kick up as much debris and lead to 
extinctions much like a “nuclear winter.” 

However, a major difference between 
the threat from asteroids and that from 
nuclear warfare is that asteroid impacts 
will inevitably occur unless action is taken 
to prevent them. The trajectories of heav¬ 
enly bodies leave no room for obscure cal¬ 
culations regarding the balance of nuclear 
terror. Indeed, a blue-ribbon advisory 
group warned the National Aeronautics 
and Space Administration (NASA) in 
1980 that “a large asteroid could someday 
destroy Earth civilization.” The group 
continued: “In the 130 million years the 
dinosaurs roamed the Earth, they failed to 
develop the technology to avoid their own 
extinction. Homo sapiens has developed 
an adequate technology. He can avert any 
further extinction by asteroid impact. We 
think he should.” 

Yet the work of discovering and study¬ 
ing asteroids goes on with the usual short¬ 
age of funding for heavenly business. 
Shoemaker and astronomers Eleanor 
Helin and Carolyn Shoemaker started the 
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In this satellite 
photo, Quebec’s 
Lake Manicouagan 
peers into space 
like a giant eye. A 
massive asteroid 
formed the 40- 
mile-wide crater 
about 200 million 
years ago. Inset: 
This fireball blazed 
through the after¬ 
noon sky on Au¬ 
gust 10, 1972, 
missing the Earth 
by only 36 miles. 
Witnessed by thou¬ 
sands of people 
along its northerly 
path from Utah to 
Alberta, the me¬ 
teor skipped back 
into space to con¬ 
tinue its travel 
around the sun. 


\Jnlike nuclear warfare, 
asteroid impacts will inevitably occur 
unless action is taken to prevent them. 



Planet-Crossing Asteroid Survey at the 
Palomar Observatory in 1973, using a 
photographic telescope known as a 
Schmidt camera. They photograph wide 
areas of the sky and try to pick out asteroid 
trails on the negatives. This and similar 
programs at other observatories have de¬ 
tected only a few asteroids per year. In all, 
about 60 asteroids have been spotted that 
will in time collide with the Earth or its 
moon, Mercury, Venus, or Mars. (Earth¬ 
crossing asteroids as a group have come 
to be known as “Apollos,” named after 
one of the first to be discovered, by Ger¬ 
man astronomer Karl Reinmuth in 1932.) 

Several new projects should help pick 
up the pace, however. Spacewatch, a-pro¬ 
jected ten-year effort to plot the courses 
of the estimated 1,000 asteroids larger 
than 300 meters in diameter that could 
strike the Earth, is led by University of 
Arizona astronomer Tom Gehrels. Rather 
than using photographic film, the so-called 
Spacewatch Camera will scan the skies 
with a sensitive electronic imaging de¬ 
vice—a charge-coupled device, or CCD, in 
electronics parlance—that transforms 
the received view into electrical signals for 
computer processing. The computer will 
determine whether anything moves during 
repetitive scans of the same portion of the 
sky, thus discriminating a moving asteroid 
from background stars. 

Spacewatch, which is funded by the 
Planetary Society and other private groups 
along with some NASA support, now uses 
a computerized telescope 36 inches in di¬ 
ameter at the University of Arizona’s 
Steward Observatory on Kitt Peak. The 
fully automated camera will eventually be 
shifted to a new 72-inch-diameter tele¬ 
scope being installed, and Gehrels says his 
group hopes to increase the discovery rate 
to 10 to 100 asteroids per year when the 
project becomes operational in 1986. 

Laurence Taff of M.I.T.’s Lincoln Lab¬ 
oratory also directs a NASA-funded pro¬ 
gram to detect Earth-crossing asteroids. 
The semiautomated system uses space¬ 
tracking telescopes located in New Mex¬ 
ico that were developed by the U.S. Air 
Force, which Taff has equipped with tele- 
vison cameras sensitive to low levels of 
light. Taff exuberantly claims that his 
equipment is “about the best available for 
asteroid hunting,” and says it will soon 
begin detecting Earth-crossers on a regular 
basis. 

If astronomers did plot an asteroid’s 
path accurately enough to show that it 


would likely strike the Earth in a matter 
of several years or months, what could be 
done to prevent catastrophe? A group of 
students and faculty in M.I.T.’s Aeronau¬ 
tics and Astronautics Department ex¬ 
plored just such a scenario in 1967 in 
Project Icarus (see page 69). They pre¬ 
sumed that Icarus would collide with 
Earth on June 19, 1968; in reality astron¬ 
omers knew that the asteroid would miss 
by 6.5 million kilometers. The group con¬ 
cluded that exploding nuclear bombs on 
Icarus could nudge the kilometer-sized 
body from its usual orbit enough to miss 
the Earth. 

NASA has also considered the matter of 
planetary rescue, convening a conference 
in Snowmass, Colo., in 1981. The attend¬ 
ing scientists concluded that, given accu¬ 
rate information on an asteroid’s orbit 
perhaps 10 or more years in advance, a 
small conventional explosive, or even the 
thrust of a rocket engine, could change the 
asteroid’s velocity enough to alter its path 
so that it would bypass Earth. 

The history of speculation on diverting 
asteroids has yet another curious twist. In 
1971 Samuel Herrick, an authority on ce¬ 
lestial mechanics, proposed that a portion 
of Geographos be explosively cleaved 
and—with rocket propulsion—gently set 
on a course to strike Earth on August 25, 
1994. The purpose: to strike northwestern 
Columbia at the Atrato River and form 


an interocean “crater-canal.” The asteroid 
would also bring to Earth more than $900 
billion worth of nickel and rare elements 
such as osmium, iridium, platinum, and 
gold. Herrick suggested that Geographos, 
if left alone, might cataclysmically strike 
the Earth by the year 2000 because of 
what he called the “ominous present ori¬ 
entation” of the asteroid’s orbit. He made 
his proposals in a paper, published post¬ 
humously eight years later, that other sci¬ 
entists at the time judged “outrageously 
innovative” and “premature.” 

Astronomers calculate that about 15 
new asteroids join the Apollo group each 
million years. But just where these Earth- 
crossers originate remains a contentious 
bone. Some astronomers maintain that 
they come from the asteroid belt located 
between the orbits of Mars and Jupiter. 
This region contains an estimated 10 bil¬ 
lion fragments, ranging from 760-kilo¬ 
meter Ceres, the first and still largest 
asteroid discovered, to chunks a few 
meters in size. According to this theory, 
the gravitation of the huge planets Jupiter 
and Saturn “pumps” the orbits of some of 
the asteroids in the belt. Just as the re¬ 
peated pushing of a swing acts in reso¬ 
nance to take it higher and higher, each 
gravitational pump disrupts the asteroid’s 
orbit a bit more. Finally, the asteroid 
breaks away and begins its journey into 
the inner solar system. 
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Nemesis, a possible companion 
star to the sun, may trigger mass 
extinctions by swooping through 
the “Oort cloud” surrounding the 
solar system and sending swarms 
of comets toward Earth (diagram). 
Richard Muller of lIC-Berkeley 
helped originate the theory and is 
now searching for Nemesis. 


Other astronomers maintain that the 
Apollo objects are remnants of comets that 
come from a vast reservoir of trillions of 
icy primordial bodies that surround the 
solar system in a gigantic halo—the so- 
called “Oort cloud.” When a comet enters 
the inner solar system, perhaps perturbed 
by Jupiter’s gravity, it is vaporized by the 
sun. The comet develops a blazing head, 
or “coma,” and a tenuous tail of gas and 
dust. Scientists describe the tiny nucleus 
in a comet’s head as a “dirty snowball”— 
a mixture of ices of various gases that glue 
together solid fragments of stony material. 

After many passes by the sun, a comet 
may lose most of its volatile constituents 
and become a rocky asteroid. Some as¬ 
tronomers suggest that Comet Encke, for 
example, has reduced its fulminations 
through history and is now on its way to 
becoming an Apollo object. Indeed, Bos¬ 
ton University astronomer Kenneth 
Brecher recently proposed that Encke, 
during its periodic journeys through the 
inner solar system, generated attendant 
swarms of large icy blocks. These blocks 
may have been the source of a Canterbury 
monk’s observation in 1178 of “flames” 
on the moon, theTunguska blast early this 
century, and the “moonquakes” detected 
by instruments left by the astronauts. 

Death and Birth 

Not only may wayward asteroids or com¬ 
ets spell destruction; growing evidence 
suggests that life on Earth in all its myriad 
forms may relate directly to such violent 
encounters. This theory spins out of ob¬ 
servations made by Walter Alvarez, his fa¬ 
ther, Nobel laureate Luis Alvarez, and their 
colleagues at the University of California 
at Berkeley. In 1977 Walter Alvarez was 
studying rocks in Italy that contained a 
geological record of the critical boundary 
line between the end of the Cretaceous 
period some 65 million years ago, when 
the dinosaurs disappeared, and the follow¬ 
ing Tertiary period, when mammals began 
to diversify. The bottom, older layers of 
rock were rich in fossils. The upper layers 
were almost barren. And in between was 
a thin layer of clay presumably formed 
during the epochal transition period. 

When Luis Alvarez analyzed samples of 
clay taken from the boundary layer, he 
found that it contained 30 times as much 
of the metallic element iridium as normal 
rocks do. Iridium is rare on Earth but 
thought to be more abundant in asteroids. 



The Alvarezes thus concluded that the ex¬ 
tra iridium came from the crash of an as¬ 
teroid perhaps 10 kilometers in diameter. 
They also suggested that the dust kicked 
up by the impact blocked the sun and 
doomed the dinosaurs along with nearly 
half of all life forms on Earth. A contin¬ 
uing stream of geologic evidence has since 
tied this Cretaceous-Tertiary extinction to 
asteroid impact, including almost indis¬ 
putable evidence of shock impact in cer¬ 
tain mineral crystals. 

This theory took on new dimensions in 
1983 when two University of Chicago pa¬ 
leontologists, David Raup and John Sep- 
koski, reported that mass extinctions over 
the past 250 million years seemed to have 
occurred at roughly 26- to 28-million-year 
intervals. Astronomers who had gingerly 
accepted the notion that an asteroid had 
caused the Cretaceous-Tertiary extinction 
were electrified, and rushed to publish the¬ 
ories using extraterrestrial causes to ex¬ 
plain the apparent periodicity. While some 
of the theories are falling by the scientific 
wayside, one remains promising. 

Richard Muller and Marc Davis of the 
University of California at Berkeley, along 
with Piet Hut of Princeton, proposed that 
a companion star to the sun could be the 
culprit. (Daniel Whitmire, of the Univer¬ 
sity of Southwestern Louisiana, and Albert 
Jackson, of Computer Sciences Corp., 
have proposed a similar theory.) This stel¬ 
lar companion—perhaps a “red dwarf” 
with one-fifth the mass and one-thou¬ 
sandth the brillance of the sun—would 
travel in an enormous elliptical orbit, 
swooping every 26 to 28 million years 


through the Oort cloud of comets. The 
star’s gravity would start millions of com¬ 
ets on a journey into the inner solar sys¬ 
tem, and several dozen large comets would 
likely embark on collision courses with 
Earth. 

The companion star has not been dis¬ 
covered, and many scientists still have 
doubts about the theory. For example, 
some critics charge that any star orbiting 
at the proposed distance from the sun 
would have been stripped away long ago 
by the tug of other stars. However, Muller 
counters that the companion could have 
orbited much closer during the early days 
of the solar system, drifting slowly out¬ 
ward to its current location. 

Muller and Walter Alvarez have but¬ 
tressed their case by studying the ages of 
large impact craters that originated during 
a period of 250 million years. “If comets 
hit in storms,” Muller says, “then there 
should be evidence of this in known im¬ 
pact craters on the Earth.” To what 
Muller calls his “delight and amazement,” 
the craters indeed formed on the same pe¬ 
riodic schedule as the mass extinctions 
proposed by Raup and Sepkoski. So al¬ 
though this theory may yet turn out to be 
one of those blind alleys of science, it ap¬ 
pears for now to be the best explanation 
for most of the data. As Muller wrote in 
a recent New York Times Magazine arti¬ 
cle: “The best evidence for the theory so 
far is simply the lack of other viable hy¬ 
potheses consistent with everything we 
know about nature.” 

Of course, the ultimate proof of the 
theory will be discovery of the sun’s mys¬ 
terious companion. Muller and a team of 
astronomers and physicists are using an 
automated 30-inch telescope at Leuschner 
Observatory near Berkeley to study 5,000 
red-dwarf stars visible from the Northern 
Hemisphere that they have identified in 
astronomical catalogs as candidates. They 
think the star is now about three light- 
years away. So far, the team has photo¬ 
graphed nearly all the target stars once and 
is preparing to shoot them again in an 
attempt to detect some telltale movement. 
A confident Muller predicted recently: “If 
we are right about the nature of the star, 
we have about a 50 percent chance of dis¬ 
covering it in our Northern Hemisphere 
search.” With luck, success could come 
within six months. Meanwhile, plans for 
looking in the southern sky, which will be 
harder because there is no catalog of stars 
to use as a reference, are also under way. 
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Avoiding an Asteroid: 
When M.I.T. Took on Icarus 



At 12:26 P.M. on June 19, 
1968, the asteroid Icarus, 
which is nearly a mile in di¬ 
ameter, will crash into the 
mid-Atlantic, 2,000 miles east 
of Florida. Its impact—the 
equivalent of a 500,000-me¬ 
gaton bomb blast—will 
splash out some 1,000 cubic 
miles of seawater and form a 
crater 15 miles across in the 
ocean floor. Tidal waves 100 
feet high will sweep across 
coastal cities on both sides of 
the ocean, and earthquakes 
100 times worse than any 
ever recorded will be felt all 
over the world. Clearly, Ica¬ 
rus must be stopped. No ex¬ 
pense will be spared, and the 
only limitation is time. The 
program must use existing 
space technology and hard¬ 
ware, and it must succeed. 

his chilling pro¬ 
nouncement was de¬ 
livered by M.I.T. 
Professor Paul Sandorff, who 
presented it in the winter of 
1967 as a hypothetical prob¬ 
lem to his class in systems en¬ 
gineering. After 15 weeks of 
frantic planning, 21 senior 


and graduate engineering stu¬ 
dents worked out a complex 
scheme that they—and their 
instructor—believe would 
save the world from collision 
with an onrushing asteroid. 

Icarus itself is quite real. 
Unlike most asteroids, which 
circle the sun in a belt be¬ 
tween Mars and Jupiter, Ica¬ 
rus has a highly elliptical 
orbit. In its journey, it moves 
close to the Earth’s orbital 
path every 13 months and 
narrowly—by astronomical 
standards—misses the Earth 
once every 19 years. Astron¬ 
omers have charted its cur¬ 
rent orbit precisely, and 
predict that it will pass within 
4 million miles of the Earth 
in June 1968. But they also 
know that the gravitational 
pull of the Earth and other 
planets will gradually change 
the asteroid’s orbit and could 
some day place it on a colli¬ 
sion course with the Earth. 

Assuming that such a dis¬ 
aster was nearly upon them, 
the M.I.T. students organized 
themselves into seven special¬ 
ized groups to study the tra¬ 
jectories necessary to 
intercept Icarus, the space 
hardware and communica¬ 
tions equipment that was 
available or could be quickly 
produced, and the feasibility 
of using nuclear explosions 
for the task. The groups then 
coordinated their findings 
and, using systems engineer¬ 
ing, devised a master plan to 
meet the threat of Icarus. 


Saving the Earth, they de¬ 
cided, would require launch¬ 
ing a salvo of hydrogen 
bombs into the asteroid’s 
path. To loft the warheads, 
the United States could rush 
to complete five Saturn 5 
Apollo rockets now under 
construction and build four 
more from scratch. A second 
Saturn launchpad now under 
construction at Cape Ken¬ 
nedy could be completed and 
a third built. The Atomic En¬ 
ergy Commission w'ould be 
requested to assemble six 
100-megaton H-bomb war¬ 
heads—the minimum size 
necessary to attack Icarus ef¬ 
fectively. 

On April 7, 1968, after 
three shots to test the per¬ 
formance of the bomb-carry¬ 
ing spacecraft, crews would 
launch the first vehicle 
toward Icarus, still 100 mil¬ 
lion miles away. Guided by 
radar signals bounced off the 


Astronomer Walter Baade 
discovered Icarus, an as¬ 
teroid that passes near 


asteroid from Earth and 
picked up by on-board re¬ 
ceivers, the warhead would 
approach the asteroid on June 
6, pass to one side, and ex¬ 
plode only 100 feet away. If 
all went well, the blast would 
deflect Icarus enough to make 
it miss the Earth or perhaps 
disintegrate it. 

Should the first shot miss its 
mark or otherwise fail, the 
five remaining missiles would 
provide insurance. If an early 
shot broke the asteroid into 
pieces still large enough to 
menace the Earth, for exam¬ 
ple, later vehicles could be 
used to pulverize them. The 
final shot, if needed, would be 
launched on June 14 and in¬ 
tercept Icarus just 1,200,00 
miles away, barely 18 hours 
before its rendezvous with the 
Earth. □ 


Adapted from an article in Time 
magazine, June 16, 19 67. 


the Earth every 19 years, 
in this 1949 time-elapsed 
photograph. 




Muller and his colleagues have chris¬ 
tened the hypothetical star Nemesis, after 
the Greek goddess who punished the ex¬ 
cessively proud and powerful—the dino¬ 
saurs, in Muller’s image. (And us?) But 
other scientists have suggested the name 
Shiva, after the Hindu god of destruction 
and reproduction. It is clear that if extra¬ 
terrestrial bodies have caused periodic ex¬ 
tinctions, then the course of evolution 
owes a lot to the “death star.” Mass ex¬ 


tinctions, say some scientists, would pro¬ 
vide ecological breathing room for new 
species to emerge and flourish. 

Those who study asteroids, comets, and 
animal extinctions do not ordinarily make 
headlines. Their work in uncovering our 
intricate cosmic connection to the rest of 
the universe often goes unnoticed in the 
bustling world of politics of the moment. 
What perverse trait causes humans to 
spend billions on systems to deflect hostile 


projectiles that may never be dispatched, 
yet makes us oblivious to our tenuous do¬ 
minion in the natural world? Right now, 
silent telescopes are gathering precious 
data as they hunt for celestial intruders. 
Will there be enough time to turn even a 
fraction of our arsenal toward defending 
the Earth? Or will there be a supreme 
irony: weapons of fraternal conflict de¬ 
veloped over centuries will be useless to 
save us from celestial extermination. □ 


ILLUSTRATION: JON MCINTOSH; PHOTO: HARVARD UNIVERSITY PRESS 
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Profitability will be 

elusive for recyclers until today’s oil glut is 
replaced by scarcity—and higher prices. 


Continued from page 51 

process of establishing the regulations under which 
re-refiners will operate. The regulations proposed so 
far seem to encourage re-refining of used oil over 
reprocessing it for fuel, but the final requirements 
are not yet clear. Only when the regulations are in 
place will rational decisions on the most attractive 
options be possible. 

Even when the regulatory questions are finally an¬ 
swered, obtaining financing may not be easy. The 
process of planning and obtaining environmental 
permits for constructing a re-refining plant can be a 
long one, and at least a year will be required to build 
a re-refining plant even after obtaining permits and 
financing. Furthermore, almost all the used-oil re¬ 
cycling facilities built in the past decade were fi¬ 
nanced at least in part by federal low-interest loans. 
These incentives, provided under pollution-abate¬ 
ment and industrial-development programs, are 
being cut back or terminated. 

Burning Lubricants as Fuel 

Under present market conditions, it is often more 
economical to burn used oils than to restore them 
to meet the high specifications of modern lubricants. 
Used oils often have high heating values, and they 
can be added to low-grade virgin fuels to improve 
their flow and combustion. Or they can be burned 
directly; trucks picking up “waste” oil can sell the 
same material to nearby households and businesses 
as fuel. 

Contaminated lubricants must be processed to 
make them usable as fuel, depending on the nature 
and concentration of the contaminants. If each 
truckload of waste oil requires laboratory analysis 
and possible special treatment, the cost rises rapidly. 
Indeed, under these conditions re-refining may be 
more economical than treatment for burning, since 
recycled lubricants command a significantly higher 
price than fuel. 

The crystal ball for reusing lubricants as fuels is 
a cloudy one. While the prices of fuel should increase 
if oil supplies decrease, EPA restrictions on the con¬ 
taminants in waste oil used for fuel are also increas¬ 
ing, so the cost to process used lubricants will rise. 

A new plant to process 10 million gallons of oil 
a year for use as fuel under the proposed EPA spec¬ 
ifications would probably cost $2 million. That com¬ 
pares with $8 million for a plant to re-refine a similar 


amount of oil for use as a lubricant. Currently, the 
profit from re-refined oil is not four times that from 
reprocessing. Whether the rise in fuel prices in a time 
of future scarcity will offset the increased fuel-pro¬ 
cessing costs under the new EPA rules is unclear. 

These markets are governed by complex, inter¬ 
related economics. Recycled products normally sell 
at about 10 percent less than virgin products, even 
though most of the former meet or exceed the spec¬ 
ifications for virgin products. The cost of used oil 
required as a feedstock and the selling prices of both 
re-refined lubricants and fuels are controlled by the 
prices of their virgin competitors. Thus, the recycler, 
whatever the final product, has little control over 
profitability except by reducing operating costs and 
devising advantageous waste-oil disposal contracts. 
In both these situations experience may be the great¬ 
est teacher. 

Double Payoff 

As in so many areas of waste management, European 
countries have been leaders in recycling lubricants, 
with the high cost of imported crude in Europe pro¬ 
viding the impetus. The European approach has been 
to require all users—industry and individuals—to 
recycle all waste oils they generate. Virgin lubricating 
oils are taxed, and the resulting income is used to 
subsidize the recycling industry. As a result, many 
countries collect up to 65 percent of the available 
waste oil, with most earmarked for re-refining into 
lubricants. This system has worked so well in Ger¬ 
many that the tax on virgin lubricants has been elim¬ 
inated; the recycling industry no longer needs to be 
subsidized. 

Such an approach has not been politically ac¬ 
ceptable in the United States, and—pending EPA’s 
long-awaited initiatives—we continue our wasteful 
and dangerous practices in handling waste oil. How¬ 
ever, there is light at the end of the tunnel. EPA 
should finalize its regulations on waste oil within the 
next two years, and once the regulatory machinery 
is in place, increased investment in this neglected 
technology can begin. Indeed, potential investors are 
already showing interest. Considering the impact on 
both energy supplies and the environment, it is a 
prospect with singularly high social returns. 

DENNIS W BRINKMAN is a project leader in fuels and fuels tech¬ 
nology at the National Institute for Petroleum and E.nergy Research in 
Bartlesville, Okla. 
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Figure! This three-dimensional rep¬ 
resentation of a silicon surface was 
obtained by scanning tunneling micros¬ 
copy, developed by IBM. The indi¬ 
vidual hills or bumps indicate actual 
atoms separated by as little as six 
angstroms. {One angstrom is one ten- 
billionth of a meter.) 



Figure 2. IBM's new microscopy technique makes use 
of a phenomenon called vacuum tunneling, which 
involves the passage, or tunneling, of electrons between 
two conducting or semiconducting solids that are nar¬ 
rowly separated by a vacuum. Tunneling occurs because 
electrons have wavelike properties as well as particle 
properties. This means, according to auantum theory, 
that electrons appear as electron clouds that spill out 
slightly beyond the surfaces of the solids in which they 
originate. As a result, there is a finite probability that 
electrons will tunnel through the vacuum. 



Miniaturization is the driving force behind 
tiie computer revolution. As computer chips continue 
to evolve, their structural details arc becoming so 
small that it is vital to understand them at the 
atomic level. 

Recently. IBM researchers have succeeded 
in examining structures at the atomic level by de¬ 
veloping an absolutely new kind of microscopy 
technique—scanning tunneling microscopy, or STM. 
Specifically, they have produced three-dimensional 
images of the surface topography of solids that 
show vertical position differences as small as 0.1 
angstroms (one angstrom is one ten-billionth of a 
meter} and horizontal position differences as small 
as six angstroms. Such simultaneous resolution 
is unprecedented. 

The new microscopy technique makes 
use of a quantum-mechanical phenomenon called 
vacuum tunneling, which involves the passage, or 
tunneling, of electrons between two conducting or 
semiconducting solids that are narrowly separated 
by an insulator or a vacuum. 


Figure 3. The principle of the scanning 
tunneling microscope is quite simple. As 
a probe tip is scanned across a surfaces 
microscopic hills and valleys, its verti¬ 
cal position is adjusted to maintain a 
constant tip-to-surface distance (by 
keeping tunnel current constant). The 
probe consequently follows the surface 
contour as it moves, so that monitoring 
its vertical position can be used to yield 
a two-dimensional representation of 
the surface contour for each scan. 

The full three-dimensional image is 
obtained by assembling an entire 
sequence of scans. 




























Figure 4. The scanning tunneling 
microscope is contained inside this 
chamber. The electronics (back¬ 
ground) collect and process the mea¬ 
surements and then display the 
results on a screen or plotter. An abso¬ 
lute necessity for making measure¬ 
ments is a vibration-free suspension, 
which also had to be specially 
developed by the IBM researchers. 


Scanning 

Tunneling 

Microscopy 


Tunneling through solid insulating barri¬ 
ers was first demonstrated in 1957; it was only eady 
in 1982 that controlled vacuum tunneling was dem¬ 
onstrated by IBM in an experimental configuration 
suitable for microscopy. 

In principle, the scanning tunneling micro¬ 
scope takes advantage of the strong dependence 
of the tunnel current on the separation between 
two solids. One solid has its surface under inves¬ 
tigation; the other, a metal tip. is a probe electrode. 
As the probe moves laterally across the surface 
jwhile separated from it by about ten angstroms), 
the tunnel current will vary in accordance with 
changes in the tip-to-surface distance. The tunnel- 
current variation in effect is a measure of the sur¬ 
face topography. 

In practice, the vertical position of the 
probe is changed to keep the tunnel current, and 
thus the tip-to-surface distance, constant for all 
points. In that way. monitoring the position of the 
tip while scanning yields a topographic picture of 
the surface. The technique is so sensitive that a 


change in tip-to-surface distance by the diameter 
of a single atom produces a tunnel-current change 
by a factor of 1.000. 

By providing a more detailed view 1 of sur¬ 
face structures. STM has already significantly 
advanced the understanding of important materials 
such as silicon. However, STM is more than a sur¬ 
face structural tool with atomic resolution: it also 
images surface parameters {such as composition 
and oxidation state) and can determine electronic 
properties. This opens fascinating possibilities in 
many areas of science and technology. 

STM can be performed at ambient pressure 
and can see surfaces covered by nonconducting 
liquids. The ability to operate under such conditions 
makes STM attractive in many different fields, from 
engineering to biology. 

Scientists at the IBM Zurich Research Lab¬ 
oratory developed the world's first scanning 
tunneling microscope. Their contributions are only 
part of IBM's continuing commitment to research, 
development, and engineering.-— — ® 




Figure 5. Photograph 
and illustration of the 
scanning tunneling 
microscope. Note that 
the microscope is 
lowered into the chamber 
(shown in Figure 4) 
when in use. 
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For free additional information on 
STM. please write: 
IBM Corporation. Dept. 1007, 
DO. Box 5089. Clifton. NJ 07015 
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Urban 
Renewal 
Success Story 


Enterprise Zone 


Royal Docks 



ntil recently, most 
Londoners knew 
“docklands”—the 
land along the 
River Thames east of the 
Tower—as an area of derelict 
docks, empty warehouses, si¬ 
lent factories, and run-down 
tenements. But in less than 
four years, the London Dock¬ 
lands Development Corp. 
(LDDC) has changed this ne¬ 
glected area into an upscale 
address. Now a tidy red-brick 
road meanders through a sea 
of new construction, and 
completed buildings display 
sparkling glass faces and tight 
angles that suggest modern 
high-tech living. The LDDC, 
a public agency, does not 
build buildings but tries to en¬ 
tice private investors to do so. 
The agency claims that for 
each public pound spent, pri¬ 
vate investors have put five 


and half pounds into new and 
renovated housing, industrial 
and office space, and recrea¬ 
tional facilities. 

Boom to Bust 

Bustling activity is not new to 
this area. Docklands was the 
nerve center of Britain’s great 
trading empire during the 
1800s, and by the 1930s, half 
a million people lived and 
worked at the docks and in 
related heavy industry. How¬ 
ever, beginning in the early 
1960s, huge modern cargo 
ships had trouble navigating 
the Thames, and shippers 
moved to new docks nearer 
the sea. Soon the docklands 
population had shrunk to 
50,000, one in five workers 
was unemployed, 93 percent 
of the housing was publicly 
owned, and millions of 


square feet of industrial floor- 
space had been left to decay. 

In 1981, Parliament 
formed the LDDC and gave 
it a budget, renewed an¬ 
nually, of around £55 mil¬ 
lion. That budget is relatively 
low for a major development 
effort, but the agency can 
reinvest income from land 
sales into other projects. The 
LDDC’s planning power is 
complete: it can override the 
authority of the local bor¬ 
oughs and force landowners 
to sell. But its lasting power 
is limited: the LDDC will dis¬ 
band in the early 1990s and 
return any remaining money 
to the Treasury. Parliament 
also designated part of dock¬ 
lands an enterprise zone (ez), 
in which investors pay no lo¬ 
cal taxes until 1992 and can 
write off all capital expendi¬ 
tures against corporate taxes. 


Partly because of such large 
tax breaks, putting up an of¬ 
fice building in the area costs 
only one-fourth as much as in 
the City of London, the pres¬ 
tigious financial district two 
miles away. 

Unique Potential 

The LDDC has spent £86 mil¬ 
lion on buying and clearing 
land and putting in roads, 
sewers, and gas lines. In re¬ 
sponse, private investors have 
put £488 million into 4,500 
homes and 5 million square 
feet of commercial and in¬ 
dustrial floorspace. Four 
thousand people are em¬ 
ployed in new local jobs, and 
another fifteen hundred are 
working on construction that 
will lead to more jobs. At a 
recent world congress of real¬ 
tors, a London industrial real- 
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TRENDS 


A public agency has 
transformed dock¬ 
lands, a long-ne¬ 
glected area along 
London’s Thames 
River, into the focus 
of bustling eco¬ 
nomic activity—and 
some controversy 
from long-time resi¬ 
dents. 

In Wapping, Oliv¬ 
er’s Wharf is being 
refurbished for resi¬ 
dential and commer¬ 
cial use.A £77 
million light-rail sys¬ 
tem based on the 
Isle of Dogs will 
connect docklands 
with London’s Un¬ 
derground. On the 
Royal Docks, a 
STOLport—con¬ 
structed for “short 
takeoff and landing 
planes”—will pro¬ 
vide a direct link to 
Europe. And in the 
Enterprise Zone, 
major tax breaks 
and the area’s lack 
of interference have 
convinced commu¬ 
nications compa¬ 
nies to set up shop. 


tor called the LDDC’s work 
“a blueprint for inner-city re¬ 
newal on an international 
scale.” 

Reg Ward, chief executive 
of the LDDC, is skeptical 
about calling docklands a 
blueprint. He believes that the 
key to success in urban re¬ 
newal lies in exploiting an 
area’s unique assets. Where 
others saw a virtual waste¬ 
land, for example, Ward and 
his coworkers saw 5,000 
acres of land along seven 
miles of water just two miles 
from the heart of a crowded 
city. The LDDC also found 
that docklands is the most in¬ 
terference-free site in London. 
Thus, the former port may be¬ 
come Britain’s first teleport, 
handling information instead 
of goods. The area is now 
linked to the financial district 
by a network of fiber-optic 


cables, and the carriers British 
Telecom and Mercury are 
building earth-satellite sta¬ 
tions for high-capacity trans¬ 
mission of voice, data, and 
pictures. Britain’s major in¬ 
dependent TV studio, Lime- 
house Studios, is ensconced in 
a renovated banana ware¬ 
house. News International, 
the Daily Telegraph, and As¬ 
sociated Newspapers are also 
moving their printing opera¬ 
tions to the docks, to be fol¬ 
lowed by computer com¬ 
panies and other high-tech¬ 
nology businesses. Finally, 
the LDDC made the imagi¬ 
native decision to develop the 
Royal Docks—an awkward 
area six miles from London— 
as an airport for “short take¬ 
off and landing” planes. This 
“STOLport” will provide a 
direct link with Europe. 

According to Ward, dock¬ 
lands’ biggest drawback was 
its inaccessibility. In addition 
to repairing roads and initi¬ 
ating bus service, the LDDC 
and the London Regional 
Transport have received pub¬ 
lic funds to build a £77 mil¬ 
lion advanced light-rail 
system that will connect 
docklands to London’s Un¬ 
derground. The trains will 
run from the Tower and 
Greenwich, attracting tour¬ 
ists as well as residents and 
commuters, and at times 
passing 24 feet above the 
water on an old viaduct. 

Controversial Claims 

The LDDC’s claims of success 
are not universally accepted. 
Doreen Massey of the Greater 
London Enterprise Board 
(GLEB), an economic devel¬ 
opment agency set up in 
1983, believes that Britain’s 
several dozen ezs have not 
created new jobs but have 
simply moved them from one 
area to another. And John 
Palmer, the GLEB’s director 
of information, notes that 


even if we assume that the 
government has created jobs 
in docklands, the average cost 
of creating each one—in di¬ 
rect expenditures and tax 
breaks—is about £68,000. 
He says that the GLEB has 
created 3,000 new jobs at an 
average cost of £4,000 each 
by investing in companies. 

LDDC workers agree that 
some of the jobs in the dock¬ 
lands ez would have existed 
elsewhere in London, but 
they argue that such reloca¬ 
tion can be beneficial: the 
LDDC is bringing economic 
activity to a depressed area 
that should last well beyond 
the lifetime of the develop¬ 
ment company and the tax 
holiday. And many busi¬ 
nesses—especially small 
ones—have expanded upon 
moving to docklands. 

The area’s borough coun¬ 
cils have actively opposed the 
LDDC’s undertakings, argu¬ 
ing that they could spend the 
allocated money better, and 
that an agency should not be 
allowed to usurp power from 
elected officials. They worry 
about traffic problems and 
noise from the proposed 
STOLport, and both the 
councils and action groups of 
residents oppose the con¬ 
struction of luxury housing 
that locals can’t afford and 
the creation of high-tech jobs 
that they can’t fill. 

Ward believes that the cor¬ 
poration’s successes will 
eventually win over local op¬ 
position. Many previous ten¬ 
ants of subsidized housing are 
rushing to put down pay¬ 
ments on new homes, and the 
area’s residents are already 
benefiting from the new bus 
service, better roads, and two 
“superstores.” In Ward’s 
view, two years from now, 
the LDDC, the residents, and 
their borough councils will be 
cooperating closely to bring 
further life to docklands.— 
Nancy Stauffer □ 


A New 
Launch 
Toward 
an SST 

Q he U.S. aerospace 
community is 
poised for a re¬ 
newed assault on 
the summit from which it was 
repulsed a decade ago—a 
made-in-U.S.A. supersonic 
transport. 

George A. Keyworth II, 
White House science adviser, 
is among the believers. He 
foresees by the year 2000 a 
600-passenger supersonic 
transport (sst) with a speed 
of up to Mach 3.2, a range of 
5,500 miles, and over three 
times the fuel efficiency of 
current supersonic aircraft. 
He bases his optimism on a 
report on R&D goals in aer¬ 
onautics released by his Of¬ 
fice of Science and Tech¬ 
nology Policy (OSTP) early in 
the spring. 

About the same time that 
the OSTP report was issued, 
a workshop sponsored by the 
National Research Council 
on aeronautical technology 
predicted that the United 
States could develop an sst 
that would be competitive 
with subsonic airplanes in 
terms of both capital and op¬ 
erating costs. 

Panelists discussing a fu¬ 
ture SST during the annual 
meeting of the American In¬ 
stitute of Aeronautics and 
Astronautics (AIAA) in April 
were less adventuresome in 
their predictions: by the year 
2000, a two-engine, 250-pas- 
senger sst could be flying the 
5,500 miles from Los Angeles 
to Tokyo in just over three 
hours—but passengers would 
be paying a premium fare for 
their quick trip. 

New technology would 
give the sst envisioned at the 
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Boeing’s 1982 plans for a 
480-passenger super¬ 
sonic transport (above) to 
travel 2.4 times the 
speed of sound have now 
been scaled down to 350 
passengers and Mach 2.2. 


But the SST’s greater ca¬ 
pacity than today’s 747 
would not offset its 
higher costs, and operat¬ 
ing expenses would be 
highly sensitive to in¬ 
creases in fuel prices. 


AIAA meeting twice the range 
and half the weight of the one 
that the United States consid¬ 
ered manufacturing in the 
1970s, promised Richard H. 
Petersen, director of NASA’s 
Langley Research Center: 

□ Built with new materials 
and operating at higher tem¬ 
peratures, future engines 
would have efficiencies of 52 
to 55 percent, compared with 
a 41 percent efficiency for the 
Concorde, the 100-passenger 
British/French sst. Future en¬ 
gines could weigh half as 
much and require half as 
many parts as the engines that 
would have powered the 
American sst proposed in the 
early seventies. 

□ New structural and skin 
materials—alloys and com¬ 
posites—not only will be 
stronger and lighter than to¬ 
day’s materials but will retain 
their strength at higher tem¬ 
peratures. That is important 
because the skin is heated at 
supersonic speeds. 

□ Interior furnishings, 
brakes, and tires can be about 
a third lighter than those 


planned for the 1971 sst. 

□ Improved aerodynamics 
will go a long way toward re¬ 
solving one big dilemma of 
earlier SST designers: how to 
shape a craft for supersonic 
flight that can also be efficient 
at subsonic speeds. 

Each improvement can 
have a substantial effect on 
performance. For example, a 
mere 1 percent reduction in 
weight yields a 3.5 percent 
fuel savings, said Petersen. 
And since fuel consumption 
directly affects noise levels, 
the sst envisioned at the 
AIAA meeting would operate 
within today’s noise limits for 
landing and takeoff—unlike 
the Concorde. 

Another environmental is¬ 
sue on which the 1971 sst 
foundered has been disposed 
of, too. Most experts now 
agree, said Petersen, that 
high-altitude flights by even a 
large fleet of ssts would have 
little effect on the strato¬ 
spheric ozone that protects 
the earth from overdoses of 
sunlight. 

However, two roadblocks 


to a viable SST transport re¬ 
main unconquered. 

One is sonic boom. The 
shock wave that causes the 
boom appears intractable— 
an absolute corollary of 
supersonic flight. No changes 
in aerodynamics can muffle it. 
Even the staunchest advo¬ 
cates admit that any new sst 
could be flown at supersonic 
speeds only over oceans and 
unpopulated land areas. 

The other obstacle is 
money. By Petersen’s esti¬ 
mate, an sst for the year 2000 
might cost $3 billion to $5 
billion to develop. Pat Bur¬ 
gess, vice-president of Rolls 
Royce, estimates a cost at 
least double that. Whatever 
the total, it is clearly beyond 
the resources of any single 
aerospace company, and it is 
probably more than any one 
country can put together. A 
worldwide consortium, for 
which there is no precedent, 
would be required. 

Furthermore, once devel¬ 
oped, any sst would likely be 
three times as expensive to 
build as today’s 747, the 


wide-bodied jet that is the 
world’s most efficient trans¬ 
port, estimates Philip Bandow 
of Boeing. Yet the sst would 
handle only twice the volume 
of passengers. To make up the 
difference, thinks Bandow, 
sst flights would have to be 
priced higher than subsonic 
service, as are Concorde 
flights over the North Atlan¬ 
tic today. 

With tickets selling at four 
times the economy New 
York-to-London fare, Con¬ 
corde has captured 5 percent 
of the market. This service, 
together with Concorde’s 
charter business and the pub¬ 
licity and feeder sales it gen¬ 
erates, make British Airways 
more profitable than it would 
be without an SST, said Willis 
D. Lowe, manager of the 
Concorde fleet. But then 
Lowe’s optimism ran out: the 
North Atlantic is by far the 
most popular international 
route, he told the AIAA: “I 
simply can’t find routes that 
in the next 25 years will jus¬ 
tify the addition of 50 ssts.” 

Such pessimism does not sit 
well with Secor D. Browne, 
chairman of the Flight Safety 
Foundation. “No advanced 
sst will ever fly without more 
positive attitudes than we’ve 
heard today,” he told the 
AIAA at the end of its sym¬ 
posium. He wants to press 
ahead: the demand for trans¬ 
portation is fast-growing, and 
during the last years of this 
century it will grow fastest of 
all in the Pacific Basin, where 
a 5,000-mile-range sst would 
provide nonstop interconti¬ 
nental service. 

In the long run, time is on 
the sst’s side. The technology 
of subsonic aircraft is mature; 
new technology will benefit 
the SST more than competi¬ 
tors that fly slower than 
sound. Our children—or 
theirs—may yet find a super¬ 
sonic bargain in their airline 
guides .—John I. Mattill □ 
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Little Slips and 
Big Disasters 



\ n 1854 during the 
battle of Balaclava 
j in the Crimean 

I_I War, Captain No¬ 

lan of the Light Brigade had 
a panoramic view of the bat¬ 
tlefield, yet he directed his 
cavalry to almost certain de¬ 
struction in a valley. 

□ In 1895 the ships of the 
British Mediterranean fleet 
were sailing in parallel lines 
only 1,200 yards apart when 
Admiral Tyron ordered them 
to reverse direction by turn¬ 
ing inward. The two leading 
ships would have had to be 
more than 1,600 yards apart 
to do this. They collided, and 
365 lives were lost. 

□ In 1975 at Moorgate Sta¬ 
tion in the London tube, Mo- 
torman Newson drove his 
train into a dead-end tunnel 
at 35 miles an hour, killing 42 
people. 

Such horrendous accidents 
practically demand explana¬ 
tions that the perpetrators 
were irrational. Official in¬ 
vestigators judged Captain 
Nolan crazy. Admiral Tyron 
drunk or crazy, and Motor- 
man Newson a suicide. But 
such conclusions are often 
wrong, says James Reason, 
professor of psychology at the 
University of Manchester in 
England. Catastrophic errors 
are psychologically like 
everyday, absentminded 
slips—only the consequences 
are different. 

Absentminded slips tend to 
happen when you are per¬ 
forming almost automatic 
routines amid familiar sur¬ 
roundings, and are diverted 
by preoccupations or distrac¬ 
tions. “Intrusion errors” oc¬ 
cur when you are intending to 
perform a habitual sequence 
of actions, such as taking the 
route to a friend’s house, but 
are diverted and start follow¬ 


ing some other familiar se¬ 
quence of actions, such as 
taking the route to work. In 
“place-losing errors,” you are 
interrupted in an almost au¬ 
tomatic sequence of actions 
and make a mistake. In “in¬ 
terference errors” you inap¬ 
propriately blend routines— 
for example, by saying “ab- 
sotively” (from “absolutely” 
and “positively”). 

Errors often occur when 
you fail to pay proper atten¬ 
tion at branching points— 
points where you can begin to 
follow a different routine. 


And according to the “Law of 
Errors,” Reason writes in the 
June 1984 issue of Interdis¬ 
ciplinary Science Reviews, 
whenever your thoughts, 
words, or deeds depart from 
the course you had intended, 
they tend to wander in a more 
familiar direction. 

Of course, drunkenness or 
insanity can lead to mistakes, 
but investigations suggest 
that those are the wrong ex¬ 
planations in the case of Mo- 
torman Newson. (There is 
too little evidence to recon¬ 
struct what went on in the 


minds of Captain Nolan and 
Admiral Tyron.) 

Newson had traveled the 
same route 228 times in the 
previous two weeks. In fact, 
he had traveled the route 
twice earlier that day. But on 
those trips the lights were on 
in the Moorgate tunnel; they 
were off on the third trip. 
Also, Newson was carrying 
money to buy a present for his 
daughter after work. 
Reason’s theory suggests that 
Nolan was distracted by 
thoughts about the gift and 
lulled into a place-losing er¬ 
ror. Without the lights that 
might have alerted him to this 
error, he continued absent- 
mindedly until he froze in 
panic at the last moment. 

Another disaster that prob¬ 
ably resulted from an ordi¬ 
nary slip was the airplane 
crash in 1977 in Tenerife, the 
largest of the Canary islands. 
Captain Van Zanten started 
the takeoff of his Royal Dutch 
Airlines 747 after receiving 
airways clearance but not 
takeoff clearance. He collided 
with a Pan Am 747, and 577 
people died. 

Van Zanten was princi¬ 
pally a flight trainer who had 
not had a scheduled airline 
flight for 12 weeks and had 
spent many hours in a flight 
simulator. There, airways and 
takeoff clearance are given si¬ 
multaneously. His flight had 
been diverted to an unsched¬ 
uled airfield, and with that 
additional cause of stress. 
Van Zanten must have re¬ 
verted to familiar habits de¬ 
veloped on the simulator. 

The way to avert catastro¬ 
phes, says Reason, is to gain 
a better understanding of 
how to reduce the likelihood 
of ordinary human error.— 
Richard E. Snow □ 

Adapted from European Sci¬ 
entific Notes, published by 
the U.S. Office of Naval Re¬ 
search in London. 



ILLUSTRATION: JON MCINTOSH 


TECHNOLOGY REVIEW 77 
















TRENDS 


dvocates ha ve set ex¬ 
traordinary goals 
for flexible manu¬ 
facturing systems 
(fmss), which use computers 
to schedule production, direct 
the movement of parts, and 
control machine tools. Eco¬ 
nomic theorists such as Har¬ 
vard’s Robert Reich have seen 
them as a key to revitalizing 
a U.S. economy having trou¬ 
ble in a rapidly changing and 
increasingly competitive in¬ 
ternational marketplace. 
Martin Rogers, assistant to 
the secretary of the U.S. Air 
Force for industrial resources, 
hopes that FMSs will enable 
the Defense Department to 
use the country’s industrial 
base as a “war deterrent”: 
when unexpected shortages 
of weapons and supplies oc¬ 
cur during war, flexible man¬ 
ufacturing systems might 
readily turn out the parts that 
are needed. 

fmss may in fact have the 
potential to make these am¬ 
bitious visions a reality. Some 
current systems can produce 
any of hundreds of different 
parts on command while in¬ 
creasing productivity three¬ 


Flexible Manufacturing, 
Inflexible Managing 


fold. However, unfortunately 
for U.S. businesses, recent re¬ 
search by Ramchandran Jaik- 
umar, professor at the 
Harvard Business School, in¬ 
dicates that both Japan and 
West Germany use fmss far 
more flexibly than the U.S. 

In Japan, which has about 
50 of the world’s 100-odd 
fmss, the average number of 
parts produced on a given sys¬ 
tem is 30; in Germany, with 
some 20 systems, the average 
number of parts is almost 85. 
The 30 or so systems in the 
United States produce an av¬ 
erage of only 8 parts, “fmss 
in this country are being man¬ 
aged for short-run increases 
in productivity rather than to 
exploit their full flexibility,” 
says Jaikumar. 

Marjory Blumenthal, direc¬ 
tor of a recent study on com¬ 
puter-based automation for 
the Congressional Office of 
Technology Assessment, 
questions whether these com¬ 


parisons are entirely legiti¬ 
mate. Some of the systems 
called fmss in Japan may ac¬ 
tually be quite small units 
known here as machining 
cells. Also, some of the Jap¬ 
anese and West German fmss 
may have been in operation 
longer than those in the 
United States, and thus would 
have had time to produce 
more parts. However, Blu¬ 
menthal agrees that foreign 
fmss probably are used more 
flexibly. 

Limited use of an fms’s 
flexibility is not necessarily ir¬ 
rational. For example, John 
Deere, a farm-equipment 
manufacturer, bought an fms 
to mass-produce several 
transmission, clutch, and axle 
housings. Although the com¬ 
pany doesn’t expect to change 
these products rapidly, it does 
plan to produce new models 
from time to time. Conven¬ 
tional production lines would 
have to be scrapped, but the 


fms can simply be repro¬ 
grammed. In effect, says 
Deere’s Bob Shaup, the com¬ 
pany bought several lines for 
the price of one. 

However, U.S. managers 
are neglecting an opportunity 
to push beyond these uses and 
exploit fms flexibility itself, 
says Jaikumar. U.S. industry 
primarily uses fmss as John 
Deere does—to make long 
production runs of parts for 
heavy machinery. But over¬ 
seas, fmss are also used to 
make small runs of precision 
components, such as for op¬ 
tical and electronic equip¬ 
ment. By using fmss in 
industries that develop new 
products frequently, Jaiku¬ 
mar thinks foreign manufac¬ 
turers will gain a competitive 
advantage. 

U.S. industry has a growing 
interest in using fmss for 
shorter runs of components in 
areas such as electronics and 
hydraulics, says Ivan John¬ 
son, fms project manager in 
the Automatic Systems Divi¬ 
sion at Draper Laboratory. 
However, most of the systems 
are still in the planning stage. 

Jaikumar also faults U.S. 
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GE’s computerized flexi- 
ble machining system 
(FMS) in Erie, Pa., effi¬ 
ciently shapes motor 

firms for their tendency to 
buy large “turnkey” sys¬ 
tems—complete machine- 
and-software packages that 
vendors custom-design for a 
specific client and sell ready 
to run. This means that each 
new fms is in effect a proto¬ 
type; manufacturing engi¬ 
neers must work out 
numerous bugs while under 
pressure to keep productivity 
high to justify the large cap¬ 
ital investments fmss require. 

By contrast, the Japanese 
tend to build up fmss in 
small, manageable incre¬ 
ments. At any given time they 
might add only one or two 
computer-controlled machine 
tools plus a robot to handle 
the parts, says Jaikumar: 
“Gradually you get whole 
factories.” Blumenthal notes 


frames for locomotives. 
But foreign FMSs often 
make a much wider vari¬ 
ety of parts. 

that many U.S. firms are 
aware of the problems man¬ 
ufacturers have had with 
turnkey systems, and are con¬ 
sidering building up fmss 
module by module as the Jap¬ 
anese do. 

Jaikumar also says that 
Japanese firms are more will¬ 
ing than U.S. firms to invest 
the time in training people to 
manage fmss successfully. 
Mid-level engineers within 
the company, protected by 
lifetime employment, both 
design and run the systems. 

West German firms rely on 
a different kind of human 
skill. While U.S. and Japanese 
firms often install fmss to re¬ 
duce their need for shop-floor 
labor, strong unions have en¬ 
sured that skilled machinists 
retain crucial roles in West 


German systems. Since ma¬ 
chinists can readily do the 
tasks that pose serious prob¬ 
lems for automatic systems, 
such as spotting irregular raw 
materials and adjusting ma¬ 
chines accordingly, or un¬ 
snarling the robotic systems 
that move parts, the machin¬ 
ery and software for the FMS 
can be simpler. And machin¬ 
ists can also do unanticipated 
reprogramming on the spot, 
for instance during transi¬ 
tions from one product to an¬ 
other. “In our rush to 
automate, we tend to forget 
that an educated human is 
still the most versatile prob¬ 
lem solver,” says Jaikumar. 

Reich, who has examined 
some of these same issues, 
concurs with Jaikumar’s as¬ 
sessment of what U.S. man¬ 


ufacturers must do to become 
more competitive. “In gen¬ 
eral, American firms are con¬ 
cerned primarily with 
improving production effi¬ 
ciencies,” says Reich. “Japa¬ 
nese firms worry about 
improving their problem¬ 
solving capacities. Therein 
lies a world of difference.” 

So far, few fmss are in use 
worldwide, and even when 
they are used, they generally 
account for less than 5 per¬ 
cent of the value added to fin¬ 
ished products. Thus, says 
Jaikumar, the “flexibility 
gap” has hardly produced 
dire consequences. But if the 
United States is to use flexibile 
manufacturing to compete in¬ 
ternationally, it has some 
catching up to do.— 
David Kennedy □ 
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